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We, Zhiyuan Gong, Jiangyan He, Bensheng Ju, Toong Jin Lam, Yanfei Xu and Tie Yan declare 
as follows: 

1 . We are joint inventors of the subject matter of the above- referenced application. 

2. We are submitting this declaration to demonstrate that we conceived of the 
claimed invention prior to March, 1998 and exercised reasonable diligence in reducing it to 
practice from a time just prior to March, 1998 up to the time that our Singapore priority 
application was filed on February 18, 1999. 

3. Attached as Exhibit 1 is an application for research grant dated prior to March, 
1998,' which lists Drs. Zhiyuan Gong and T. J. Lam as principal investigator and key team 
member, respectively. As can be seen from the abstract on page 2 of the document, a key aim of 
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the project was to prepare ornamental fish for providing to the ornamental fish export industry 
having various fluorescence genes such as the jellyfish gene encoding green fluorescent protein 
(GFP). Various objectives consistent with those set forth in our patent application are described 
in the abstract and list of objectives on page 2. On the 7-page portion of the grant proposal 
identified as "Annex A," and particularly that portion entitled "Programme" beginning on page 3 
of Annex A, we provided a detailed description of how this work was going to be carried out. 
There we disclose in some detail our proposed approach to the isolation and identification of 
zebrafish genes, tissue specific expression, isolation of zebrafish promoters, preparation of 
transgenic constructs, introduction of the transgenic DNA constructs into zebrafish, 
characterization of zebrafish promoter by transgenic expression and generation of stable lines of 
transgenic zebrafish expressing GFP. 

4. Attached as Exhibit 2 is a document, also dated prior to March, 1998, which 
shows that the above research grant was approved and funded. 

5. From the foregoing, it is evident that we had conceived of the idea of preparing 
transgenic fluorescent fish expressing a fluorescence gene for the purpose of providing such fish 
to the ornamental fish industry, as well as a method for preparing such fish, prior to March, 1998. 

6. As noted in our grant proposal and repeated above, there were many facets of our 
ornamental fish project, not the least of which was the identification and cloning of various 
tissue-specific or ubiquitous promoters that could be used to express the GFP in the ornamental 
fish. On August 10, 1998, we submitted a manuscript for publication entitled "Fast Skeletal 
Muscle-Specific Expression of Zebrafish Myosin Light Chain 2 Gene and Characterization of Its 
Promoter by Direct Injection into Skeletal Muscle." This manuscript was subsequently 
published in 1999 (DNA and Cell Biology, 18:85-95; see Exhibit 3). As can be seen from 
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Exhibit 3, this manuscript describes in some detail the isolation and characterization of the 
MLC2f promoter and its testing by direct injection into skeletal muscle. This promoter is an 
aspect of our invention and was used by us to prepare our ornamental fluorescent transgenic fish. 

7. The work that is described in the foregoing article as well as that on other 
promoters that we were characterizing was being conducted by us diligently in our laboratory 
during the timeframe beginning prior to March, 1998, leading up to the manuscript submission in 
August, 1998. Shown in Exhibit 4 is a collection of research notes from one of our laboratory 
notebooks demonstrating studies carried out from February 25, 1998 ("25/02") through April 2, 
1998. (It will be noted that the page numbers appearing on various of the pages are in 
descending order.) These studies reflect our work in characterizing the MLC2f promoter through 
a deletion approach. Outward PCR was carried out to delete the proximal MEF2 (a muscle 
transcription activator) binding site internally in the two previously made MLC2f 5' deletion 
constructs with the CAT (chloramphenicol transferase) reporter gene: 79-bp and 1005-bp. These 
two deletion-mutation constructs were then tested together with other MLC2f 5' deletion 
constructs by direct injection into zebrafish muscle and we demonstrated that the mutated MEF2 
site could be compensated by upstream MEF2 sites (Exhibit 3). Below we have provided a brief 
summary of what is shown in Exhibit 4: 

A. PP. 261-256. Generation of MEF2 internal deletion in the 79-bp and 1005-bp 

MLC2f 5' deletion constructs: 

P. 261, notes on setting up ligation to make two MLC2f internal-deletion constructs (79-bp 

and 1005-bp) after outward PCR and BamHI digestion that facilitated the ligation of 

compatible DNA ends. 
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P. 260, PCR reactions to ensure that the ligation was successful. One ligation was successful 
(79-bp construct) and the other one (1005-bp) is less successful. The 1005-bp was 
repeated by PCR and the result was improved but the band was still faint. 

P. 259, Notes on establishing optimal PCR conditions to select internal deletions from the 
ligation. 

P. 259-258, (March 2, 2008) preparation of CAT cloning vector by removing the MLC2f 

fragment from the pMLC2f-934CAT construct after Hindlll and Spel digestion. 
P. 258, ligation of the 79-bp MLC2f promoter fragment to the CAT vector after internal 

deletion of the proximal MEF2 binding site (March 2), followed by transformation of the 

ligation mixture into bacterial cells (March 3). 
P. 258-257. screening of bacterial colonies containing of correct DNA clones by PCR 

(March 4-5). 

P. 257. DNA sequencing reaction to confirm the clones (March 6). 

P .257-256, Similar cloning and selection of bacterial colonies for the 1005-bp internal 

deletion construct (March 5-11). 
B. P. 255-the end. Measurement of CAT activity after injection of MLC2f deletion 

constructs into zebrafish muscle: 

P. 255. Preparation of all MLC2f-CAT constructs for muscle injection experiments. All 
constructs were transformed into bacterial cells and monitored by PCR. 
P. 254. Large scale of plasmid preparation for MLC2f-CAT constructs and OD reading to 
monitor quality of plasmid preparations, 

P. 253. radioactivity reading printed directly from a scintillation counter to measure CAT 
activity. 



P. 252, blank page. 

P. 251, Calculations of CAT activity based on raw data. 

P. 250, Summary of relative CAT activities for different CAT constructs at different time 
points and dosages. 

The last page, more raw data printed directly from a scintillation counter in these 
experiments. 

8. During this time frame we were also attempting to identify other zebrafish genes 
and promoters that could be used in the preparation of our ornamental transgenic fluorescent fish. 
One such gene was the ARP gene. Shown in Exhibit 5 are some studies relating to our isolation 
and characterization of the ARP gene expression and promoter. The first two pages of Exhibit 5, 
dated March 2-5, 1998, are notes for preparation of ARP probe (cDNA clone A150) for in situ 
hybridization to characterize ARP expression in zebrafish embryos. The third page shows studies 
dated March 23 , 1998, relating to the cloning of a long ARP promoter (2.1 kb) to the pEGFP-1 
vector (Clontech), The next few pages are sequence analyses of the 2.1 kb ARP promoters. The 
sequencing of the ARP cDNA (A150) and promoter elements, shown in the remainder of Exhibit 
5, were carried out over the next several months, as evidenced by the ultimate sequencing, 
carried out on August 23, 1998. 

9. Exhibit 6 is a collection of pages from our laboratory notebooks that evidence our 
work on characterization of the MCK promoter during March, 1998. These studies included the 
following: 

P.31. The zebrafish MCK promoter was cloned into the pEGFP-1 vector and 
concentration of the MCK5-EGFP plasmid was determined by gel electrophoresis 
(March 3, 1998). In order to analyse the MCK promoter, 5' nested deletion was 
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carried out and the MCK5-EGFP plasmid was first cut by restriction enzymes 
(March 13). 

P.32-33, ExoIII nuclease digestion was carried out to conduct unidirectional deletions 
followed by ligation (continued from March 13) and transformation (March 14). 
PCR was used to identify colonies with suitable deletions (March 16). Suitable 
colonies were inoculated for plasmid preparation (March 17-18). 

P. 34, DNA concentrations of deleted MCK promoter-EGFP constructs were determined 
by OD reading (March 23). MCK-CAT construct was made and screened (March 
25). 

PP.34-37. Preparation of a series of plasmid DNAs for functional analyses and these 
plasmid DNAs included MCK5-EGFP, CMV-EGFP, MLCP1.2-EGFP, ARP0.8- 
EGFP, MCK5-CAT, MCK23-CAT (MCK5 and MCK23 are two different MCK 
gene promoters). 

The immediate next page, raw data of CAT activities of different CAT constructs after 
muscle injection. 

The following three pages are DNA sequence data of deleted MCK promoters (MCK5-d3, 

MCK5-d6 and MCK5-d7). 
The last two pages are the complete sequence of the MCK promoter with indication of 

the start sites of deletion constructs (d3, d6. dlO. d5, dl2, d7 and d9). 
10. Exhibit 7 displays studies and experimental notes for making 5' deletion 
constructs in the EGFP vector for characterization of zebrafish MLC2f and ARP promoters. The 
approach used here was unidirectional deletion by ExoIII nuclease, followed by ligation, 
transformation and PCR selection of suitable size of promoter constructs for functional analyses. 



Certain of these studies were carried out from October 7, 1998 through October 16, 1998, as 

shown on pages 38 through 41 of Exhibit 7 as follows: 

PP. 38-39, nested deletion of pMLC2kb-EGFP (Oct 7-10, 1998) 
P. 40, PCR screening of colonies containing 5' deletions of MLC2 promoter (Oct 9-10). 
P. 41, nested deletion of pARP-EGFP and PCR screening for deletion constructs (Oct 15- 
16) 

The ARP promoter analysis data were published in Ju et al (1999) Dev Genetics 25:158-167. 
Paper submitted on Feb. 4, 1999 and accepted on March 19, 1999. (see Exhibit 8) 

11. Exhibit 9 sets forth our lab notes evidencing our work on characterization of 
expression of muscle-specific genes in zebrafish embryos including MLC2f and MCK genes 
during the time frame of June, 1998 through the end of September, 1998, with some additional 
studies in December, 1998. This work was ultimately published in the publication of Xu et al., 
Developmental Dynamics, 219:201-215 (2000), attached as Exhibit 10. The lab notes can be 
seen to evidence the following activities: 

P. 60 Total RNA isolation from zebrafish embryos at different developmental stages 
(June 8, 1998) 

PP. 61-62 Running of RNA gel (June 10), northern blot of same shown at the top of page 
62 

P. 62 (bottom) PCR amplification and purification of cDNA inserts from various muscle- 
specific clones (June 11) 

P. 63 Summary of in situ hybridization results, including analysis of expression sequence 
of muscle genes (June 12) 
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PP. 64-65 Radioisotope-labeling of two muscle gene probes by the random primer 
approach, E371 (alpha tropomyosin) and MLC, and northern blot hybridization using the two 
probes (June 13-14) 

P. 66-68 Re-running of RNA gel electrophoresis for northern blot experiments and re- 
preparation of total RNAs from zebrafish embryos of various stages (June 16-30) 

P. 69 PCR amplification of desmin fragment (another muscle specific gene) and 
synthesis of A228 (fast muscle tropomyosin) and MLC2 probes (July 7) 

PP. 70-71 Running of RNA gel for RNA blotting studies; preparation of radioactive 
probes to be used for probing northern blot (July 9-14) 

PP. 72-73 More RNA extractions from staged embryos, running of RNA gel (July 22-23) 

PP. 73-76 Preparation of non-radioactive RNA probes (DIG [dioxygenin] -labeled) for in 
situ hybridization and also performance of northern blot hybridization (July 24- 
29). 

p. 77 Blank. 

PP. 78-81 Random primer labeling and performance of northern blot hybridization for 
more muscle-specific probes, desmin, E465 (parvalbumin), El 34 (troponin T) and 
E371 (alpha tropomyosin); photocopies of some autoradiograms of northern blot 
hybridization are presented in P. 81 (Aug. 3-13) 
P. 82 Sequencing reaction to sequence selected muscle-specific cDNA clones (Aug. 14) 
P. 83 More random primer labeling of probes E68 (Myosin heavy chain 1) and A354 
(troponin C) (Aug 18) 

PP. 84-85 RNA extraction from 8 hour and 10 hour embryos, running of RNA gel, 
labeling of probes and hybridization (Aug 21-23) 
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P. 86 Northern blot hybridization for desmin, E68, a-actin and MLC3 (Aug. 25-29) 
PP. 87-89 Construction of an a-actin gene specific probe starting from amplification of 
a-actin 3' untranslated region (3'UTR), to purification, ligation and probe 
labeling. Simultaneously a MCK probe was also prepared by restriction digestion, 
purification and labeling. (Sept 2-3) 
P. 87. MCK promoter was also tested by injection of MCK-EGFP construct into 

zebrafish embryo. (Sept 2) 
PP. 90-91 Continuation of cloning of the a-actin specific probe and confirmation by 
PCR, and later preparation of the a-actin 3'UTR plasmid for making DIG-RNA 
probes for in situ hybridization. (Sept 4-10) 
PP. 92-95 Preparation of fluorescent a-tropomyosin probe and DIG-RNA probes from 
eight muscle-specific genes and performance of both single color and double color in 
situ hybridization. The last two pages are summary of onset of gene expression of 
these muscle-specific genes based on the in situ hybridization experiments (Sept 16- 
21). 

PP. 96-97. blank. 

PP. 98-99 Summary of northern blot hybridization using these muscle- specific gene 
probes on different adult tissues (Dec 8-11). Some of the hybridization 
experiments were performed between Sept 7-11 based on the record. 
12. Exhibit 11 is an application to hire a postdoctoral fellow to assist in the 
ornamental transgenic fish project. The application was submitted in August, 1998 and approved 
on August 27, 1998. This document is of additional relevance in that it describes the studies that 
had been carried out to date, as well as those contemplated for the future. For example, on pages 
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1-2 of the Exhibit 11 application, under the section entitled "Progress to date" it is noted that 
such progress included 1) the isolation of a few hundred zebrafish genes (cDNAs) encoding a 
wide range of proteins and expressed in a wide variety of tissues, which would provide a rich 
resource for developmental analysis and isolation of gene promoters, 2) the development of a 
rapid method to isolate gene promoters, including the fact that six gene promoters had been 
isolated to date, one from the cytokeratin (CK) gene for skin specificity, three for muscle 
specificity from a myosin light chain 2 (MLC2) gene and two muscle creatine kinase (MCK) 
gene, as well as a acidic ribosomal protein PO (ARP) gene for ubiquitous expression, 3) 
demonstrated that the skin specific promoter and muscle specific promoter can direct GFP 
expression correctly in the respective tissues, and 4) that stable lines of GFP expressing 
transgenic fish are being developed. This document is also important in that it demonstrates the 
relevancy of the studies being described in other sections of this declaration (such as the 
characterization of expression of muscle-specific genes in zebrafish embryos in paragraph 11, 
above, and Exhibit 8). 

13. Shown in Exhibit 12 is a summary sheet of DNA injections into zebrafish 
embryos dated from September 1998 through May 1999, involving the preparation of transgenic 
embryos for the purpose of testing the activity of various zebrafish promoters. This is a log sheet 
that our group used to record the dates that the zebrafish embryos were injected, the construct 
that was injected, the number of embryos that were injected, the number of embryos that 
survived ("S") and expressed ("E") the GFP at various timepoints post-injection, the tissue 
specificity of expression and remarks regarding the level of expression. On the first page is 
recorded 16 separate experiments carried out between September 6, 1998 and February 4, 1999, 
involving the use of the ARP promoter ("ARP"), the MCK promoter ("MCK"), the MLC (or 



10 



MLC2, MLC2f and MYLZ2) promoter ("MLC") and the CKP (or CK) promoter ("CKP"). As 
can be seen, many if not most of these studies resulted in embryos that survived and expressed 
the GFP at the 48 hour time point. Shown on the second page of Exhibit 13 is a similar log of 5 
studies carried out during the month of October, 1998. The last page of Exhibit 13 shows 1 1 
injection studies carried out in May, 1999. During the interim times between injections, the 
injected embryos were grown up and germline transmission of the transgenes was screened for 
selection of stable transgenic lines. We were also busy analyzing the data from previous 
injection experiments and planning further studies carried out in connection with subsequent 
injection experiments as well as other relevant experiments such as characterization of muscle- 
specific expression in zebrafish embryos. 

14. Exhibit 12 is a second grant application on transgenic ornamental fish entitled 
"Production of fluorescent transgenic ornamental fish." The grant application was submitted on 
February 1, 1999, and funding was requested for additional developmental work on the invention. 
As can be seen from section II. (i) of the Annex A, this document briefly reviews the work that 
had been accomplished up until that time on the fluorescent transgenic ornamental fish project. 
It is stated that transgenic ornamental fish should be more acceptable to regulatory agencies and 
consumers, and proceeds to outline the approach that we took in the preparation of our 
ornamental fish, including the use of a gene encoding GFP under the control of a tissue-specific 
or a ubiquitous promoter (work that is reflected hereinabove). The application then proceeds to 
note that we had prepared as of that time four GFP transgenic constructs (pCK-EGFP, pMCK- 
■EGFP, pMLC2f-EGFP and pARG-EGFP), and that when these chimeric gene constructs were 
introduced into fish, all of them showed predictable expression patterns according to the 
specificities of the promoters used. It is then stated that a patent for the constructs was being 
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filed. (The foregoing is described in the second page of Annex A of Exhibit 12). In the 
paragraph bridging the second and third pages of Annex A, it is further stated that we intended to 
isolate additional gene promoters that would permit targeting trans gene expression in any tissue, 
and that we contemplated extending our work in zebrafish to other ornamental fish such as 
medaka, goldfish, koi, carp and glass catfish. At the bottom of the third page and top of page 4 
of Annex A, many additional aspects of the present invention are explained, including, for 
example, the development of skin-specific, muscle-specific and ubiquitously expressing fish, and 
the use of other colors and mixture of colors. Further pages of Annex A include additional 
details regarding the preparation of other types of transgenic ornamental fish. 

15. From the foregoing evidence, it is quite clear that we had conceived of our 
invention prior to March, 1998 and were diligent in reducing the present invention to practice 
during the time frame of just prior to March, 1998 through our Singapore filing date of February 
1 8, 1999. The following table is a brief summary of our activities during this period. 



Period 


Activities 


Remarks 


Prior to March, 1998 


Applied for and obtained our 


Exhibit 1,2 


(Conception) 


first research grant from 






National University of 






Singapore to support transgenic 






ornamental fish research and the 






title of the project is 






"Generation of novel varieties 






of ornamental fish by transgenic 






expression of green fluorescent 
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protein (GFP)". This document 
demonstrates both that we had 
the idea and had a detailed 
understanding on how to carry it 
out. 




March 1998 to April 2, 1998 


Characterization of zebrafish 
MLC2f promoter by direct 
injection of deletion constructs 
into zebrafish muscle 


Exhibits 3 and 4 


March 2, 1998 to August 23, 
1998 


Characterization of zebrafish 
ARP gene expression and 
promoter 


Exhibit 5 


March, 1998 


Characterization of zebrafish 
muscle- specific MCK promoter 


Exhibit 6 


Aug. 1998 


Preparation and submission of 
grant proposal to support a 
postdoctoral fellow to work on 
the fluorescent transgenic 
ornamental fish project. The 
grant was approved on Aug. 27, 
1998 


Exhibit 1 1 



13 



Oct 7-16, 1998 


Preparation of 5' deletion 
constructs for zebrafish MLC2f 
and APvP promoters. 


Exhibit 7 


June 8, 1998 - September 21, 
1998, and December, 1998 


Characterization of expression 
of muscle-specific genes in 
zebrafish embryos including 
MLC2F and MCK genes 


Exhibits 9 and 10 


Sept 6, 1998-Feb4, 1999 


Microinjection of zebrafish 
promoter-GFP constructs 


Exhibit 12 


Jan 1999 


Preparation and submission of 
the second research grant 
application on production of 
transgenic ornamental fish. The 
grant was submitted to National 
University of Singapore and 
entitled "Production of 
fluorescent transgenic 
ornamental fish (submitted on 
Feb. 1, 1999) 


Exhibit 13 



16. We hereby declare that all statements made of our own knowledge are true and all 
statements made on information are believed to be true and further that the statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or' 
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imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 



Date Feb. 15,2008 



Date 



Date Feb. 14, 2008 



Date 



Date 



/Zhiyuan Gong/ 



Jiangyan He 



/Bensheng Ju/ 



Toong Jin Lam 



Yanfei Xu 
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imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 

Date Feb. 15,2008 /Zhiyuan Gong/ 

Date Jiangyan He 

Date Feb. 14, 2008 /BenshengJu/ 

Date Toong Jin Lam 
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imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 



Date Feb. 15,2008 



Date 



Date 



Date Feb. 15,2008 
Date 



Date 



/Zhiyuan Gong/ 



Jiangyan He 



Bensheng Ju 



/ / Toong Jin Lam/ 



Yanfei Xu 
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imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 

Date Feb. 15,2008 /Zhiyuan Gong/ 

Date Jiangyan He 

Date Bensheng Ju 

Date Toong Jin Lam 



Feb. 15th, 2008 /Yanfei Xu/ 

Date Yanfei Xu 
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imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 

Date Feb. 15,2008 /Zhiyuan Gong/ 

Date Feb. 15, 2008 /Jiangyan He/ 

Date Bensheng Ju 

Date Toong Jin Lam 



Yanfei Xu 



Date 
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imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of this application or any patent issued thereon. 



Date Feb. 15, 2008 

Date 

Date 

Date 

Date 

Date Feb. 19,2008 



/Zhiyuan Gong/ 



Jiangyan He 



Bensheng Ju 



Toong Jin Lam 



Yanfei Xu 
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:MiW-Disdpl1iTe^ : R<*; 



Form MIR/RC.il 



reli : Yes / No 1 



{Dei ' 



■ \' he c <_n i:f)j i i-atct) 



NATIONAL UNIVERSITY OF SINGAPORE 

ACAPEiYHC RESEARCH FUND 
APPLICATION FOR A RESEARCH GRANT 



TO: 11 tfi UNIVERSITY RESEARCH CoMMlT'lTF./ 

THE AC A mUC HVH\ ARCH fTiNF) COMMlTTFF, 
THE MINISTERIAL LEVEL COMMITTER 

(Dsists wRer* appropriate) 



1 PRINCIPAL INVESTIGATOR 
N;m:-.;: Dr . Zhiyuan Gong: 
Employes number; ]_ ] Z5H 
AppothlrrtSht; Lecturer 
Department: Zoology 

lei; 77:22850 
Fax: 779 2486 



Previous grants from Acfvteinii: Research Fund: 
r RP950304, $223,3 35 



2 * COLTARGRATOt^S")/<>THER Kl£Y TEAM 
MEMBERS' 



N;uviC: 



Prof. T.J. Lam 



Employee number: 00706G 

Appoimmsiu: Head and Processor 

iJ'cpanmcnt: Zoology 

Tel: 7722692 

Fax: 7792486 

Previous grants IVuui Academic Research Fund: 



Attach 1-pagc C.V.Of Principal 
Investigator, giving nn -outline or" 
education asid wort: -experience, 
track records in manag.bg 
research projects arid ^kis number 
of ■'international journal arsd 
conference .papers'; A to -list 
selected tefevant publications (no* 
more ibnn ten). 



To state, the. flalp./aiiinuiii of 
previous grants. 



To provide, details. for web 
collaborator/key team member: 
Ariacri t-pajjs C.V. of cadi 
member, giving an outline of 
.education and wosk experience, 
track records in managing, 
research projects and the number 
of international journal and 
conference papers 



To state, the date/amount of 
previous grants. 



* I'iease. use. a separate sheet if the-*: is inxuflichaU .space and attach it In Ibis form. 

-f Dcfs.nct! as any research that rcquircsljiput from staff in st diffcrc»l.de£>arUnCnt or staff belonging to other 
disciplines front other institutions outside the University. 



3 TITLE OF RESEARCH PROJECT 
Generation o! io ' nirieti v of ornamental 1 ii bv n.ai ;enic 
t pres i .1 T- » s ' ores es p oieii) olY 


Title should be shurl stirJ 
cwicise. 


1 ABSTRACT 

Ornamental fish i* iu; iittpoitan r->p. *- r industry in 
Singapore In p 1 v< n grant applicatio i v propose to use 
a modern transgenic tediiiiqi e to generate novel Varieties of 
omamerH ti-.ii H iris irpqration and ex pre ionofajsli fish 
gene ling D n flu n pi >t( r tOl P During ch< 
i i i it i » or 1 j ] i 1 i t le ig° .'^ it t j 1 i r 
x ,i !< mg i in km I e ted clon 1 s r u lucftcinj 
i elk* will he-u it i >i a an 1 }uutif> ;b itt h enes ii 
bulk. Interestins pi l 1 ter ^ i ! l It \ > ! u i based on the 
sequence infoun mi u tlnsr 1 d cDNA clones and 
characterized b\ i 1 r 1 " M rK tj ll 
Useful promoters will t t i1 red l gene ^ ! tbl lines 
GI i ! nt&| 'i zebrafid T '» ini i J jj.v - erf t' is kv i t s 
io focus on the foil mg t<-s Ititi 1 f • ' ; i i i *pressron in 
transgenic ztlt.U' h ubiquitous expression muscle specific 
. presst i kin speeifi e pressk hear inducible exf ssion 
and heavy metal inducible expression 


In whom "200 words, dissent*, 
she- project in ihi; context. of 
]• rev -us work <lonc or in 
progress ftt the University or 
at othiir ijislinitfens, ant) 
exp Ihi n the. .'unitjuon'ssit of ibis 
approach. 


5 LIST MAIN OB,TF:Cr I VES IN ORDER OF" 
PRIORITY 

I. Bulk, isolation and identification of zebraE'ish genes by 
d)h \ elont tagging ... 

1 i It) l t 1 i 'fthl . j L 

promoters, 

i b ji l 1 zatiou < I lb zebi jfixh pro 1 t< r b> t in en 
expression in Tran g nli zebrafish 

So pineal of foible lu of grt > ftuoti s em tra s eni 
-/.ebraflsh with differciit promoters 

1 i ui pierian of the projecU the J be a f * 
high quality papers suitable hh publication n high p 'file 
inten aboiia j .lu ial M n> cbrafisb ^ tes \ jH be i fated 
i j 1 t terizt » J ilitate i u nidi 1 1 t ' i h 
molecular biology The sun> t line of GFP tiansgumc 
rebrafish can be explored commercial ly 4 


Describe- tfe& objective* ciftarly 
and siiccsntl.Y lt liiglib'gh; 
itis-.dfcljvfeia'Was upon project 
cojjip]t-!ion . 

Attach s sclfrConUi&ial'case 
fcir snppert, conslstini; o\"r.O 
nii'H'e.Ciftfl 6 A4 p%:-5. Some 
sssislwwx! in prepfiritig of this 
is .given in Anni;x A, 



v ' n.M. Ai'i i vn > 1 , iir.\Tio.N 

Slitbli i lies Qfp !' <ri gflrtw " J l t h v, 11 be mcrke^ Is «s 

to ' !tl i i iv ish iii j j ! i 
lit other rUh n ics both mam ut u tut, :'..•;; fish specids Tito 
" n r' 'mm i , | 1 t i shift) til so 1 applieab] 

inct tmwlh rh resistance anc u t > > ec 


S(at. th< it! -J. Rpjt' cats ms or th-, w, rt 
(!i ihtiotogi sal. so t'aj, a- k-ntifit, 
«ooftori»icj.- Ai.iso explain any 
exploitation poleiiliu!, and the fntjow up 
•arcaiigcnwiits that won I'd he-, reqpitsd. 


1 CO! ! ABQRATiONi 

Prof, Choy L. Hew, TL of Toronto, . Canada, will be 
< mi * i tin t if it m ] lib 3-6 i uth ii j 1 

with us in 


Where &(>\i':o\ i m , di km ibe any 
COtlabotalivt arruniteinshfe, incluctiiig 
arrangements for exploitation autl 
profftr.tion of intellectual yiopjrly. 



*. summary or research i i requested 

Grant requeued must r-ntt lot tntm prose t liie. Apphdmis should note thai research grant, otiee 
approved, will not lift mtu-easd except for salary increases of manpower. 





Year J 


Year 2 • 


Year 3 * 


Total <$) 


M? npower 




33,000 


36, 200 


101 ,200 


New equipment/fiici 1 ii 1<& 


'9,000 


o ■ 


0. - 


.9 ,.000 


^ei'iaJsfefirtSuhTtiblfjJi 


21 ,500 


21 ,500 


.. 2J ,500 


64,500 


Training/other rriis6. costs 


.. 1/200 


.1,2:00 


1 ,200 


3,600 


Grant Total ($) 


f>3, 1 DO 






iv (i,:.! oo 



* Flaws «;« A -sepanite shs* if project life is cxpeeted fo exeeWl 3 years. The Total column slio-alil. reflect the total 
grant required for the entire .project life, 



Please, see JSfotes for Budget Prm>«lM.L«H >" Annex B far: assistance in completing items 8.1 id 8.4. 



8-1 MANPOWER COSTS (for additional staff only) 

Pkase : indicate an "E" against '(he number, if it. is a continuation of Jin Axleting appoimntetol. 

m increments* - Pie e tic! apih t Uiff grade if Increment ate to h given"! ,t ii< i s, mi e [NS.). 



Msnpowei 


Staff 
Grade 


■ With 
NS* 


Number 


Annual Cost ($) 


No. of 

Months 

Project 


Total Cost 


t'tiii 
Time 


Pat; 


■ YV:u 1 


Yea.- 2 


Year 3 


Rl f-fh ' j [ it 




















Texh.mci?,rtA'r 
Research Assistant 


ryp 

{ pa js 


3 No 


1 




31,400 


33,600 


36, 200 


36 


101, 2 00 


Student Assiituiil 




















RffiaaiFoh Scholar 




















Kei^wh Student 





















8.2 NE\V I-QUIPMENT/KACi L1TJCS COSTS 



Item D-ssGriptiofl 


Unit Pt'm 
§) 


..Quantity 


Year \ 
($) 


Year 2. 


Year 3 * 
($) 


Total Cos! 
($} 


Micrddnjector 


9 , 000 


i 


y , ooo 






9 ,000 




— — 







































- 














































Grand Total M 






9 , 0150' 








H3 COSTS OF MATBftl I CONST 1 VM/J 3 




Item D&s^riptioh 


Unit Price. 
(S) 


Quantity 


Year 1 
(S) 


Year 2 


Year 3 * 
(3) 


Total Co.it 
($) 


Molecular reacents 


200 


1 2 0 


8, 000 


8 , 000 


8,000 


24,000 




300 . 


30 




3,000 


3., 000 


9,000 


CViemicals 


100 


90 


'3 , 00.0 


3, 000 


3,000 


9 , 000 


Glassware 


40 


ISO 


2 ,400 


■2 ,400 


2,400 


7 , 200 


ligonu leot de. •, 


80 


60 


i ,600 


1 ,600 


1 ,600 


4,000 


Film & Pi ctures 






2,000 


■2^000 


2,000 


5,000 


Fish Si: Feeding 






1 , 5 0:S ■ . 


1 , 500 


1,500 


4,500 


.Grand Total ($) 






21/500: 


21,50:0 


21 , 500 


64,500 



SA TRAINING/O TflEK MJSCKI LANfiOUS COSTS 



Tlfijji Beyer iptian 


Purpo.se 


Yew I 

m 


Year 2 
(S) 


Year 3* 
(S) 


Total Cost 


Taxi., fare 


live fish trans- 


20(5 


2,0.0 


...... 2.0.0 


BOD 




portation 










Miscellaneous 


slide , photocopy 


1,000 


1 ,000 


1,000 


3,000 




courier., static 












nary etc, 


































Gratid ToteS. 'f|) 




1 , 200 


1 ,200 


1. , 200 


3,600 



4 PW u-l^ r>l -Wii pm JP vt LkM .'*].*HedUoexcwd 3 s^ms Flu: Total column houttJ reflect ihctoiaT 
grant required for the e-ntis^ .ojeci life 

4(« 



9, O THER SOURCES OF HJNDJN'G 


Name ;u:l«J res:- of xlw.r fimtlin« rai lies: 




Contact name; 




Contact number: 




Type-. 6f.cii^atusatiQn: 

(eg industry, commerce, research institutes* 
government atvj 




Details ol' ixmtrUi.uuim: Casfr: 




Equipm^f /materials:. 




Staff secondment: 




Facilities.: 




Other.'-.: 




Tufa! value of funding ($) ; 





10 projix.t imim.k:-ikntation schedule 



Quarters \Research 
milestones 


' Year I 


Year 2 


Year 3' 


Qi 


Q2 


W 


m 


Qf 


Q2 


03 


04 


Q] 


Q2 


Q3 


Q4 


1 . e .1 a n w t. a g g i n g 


X 


X 


% 


x 


30 


X 














2 . g ne promoters 








X 


X 


X 


X 


X 










3;. trans ient 
expression 












X 


X 


X 


X 


X 






4 . s table lines 














X 


X 


X 


X 


X 


X 



iff) 



Estimated start dale: 


The slurt date is <!-.\iTmxi as the first clata an which 
the pmjsct commits or toat.-s exj^iioiture. 
Researchers tire reitjitidiitl iltal a pioiecl, uncc 
iipproml. Kiual start within 6(1 tSays of .ipjmjvaJ. 


issSimat«1-coinp3etian devio: 06/93 
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ANNEX A 



Shtgapon: is tbi> world Un ! rra r i m ■ l ii 1 sh \ ith 8 n. export \ due of 

S78.5 million Ju L s jn 199-1 D part i V i Si ti f * ; Jiuga] • 1995) r 

maintain the: leadership in th\ i titivs industry, il is fiecessar eontiriucatsliy produce 
sicw varieties l »' sitj n< vcl shapes and colot p- Horn rraditional j; preaches to. crcat< n \» 
v-ai eties.-arc gene c breeding «jd d ction, ..m the c approaches are taihej slow and 
unpredictable. The use of color dyes hi. many pel: stores is both temporary and 
ui ii i eh y In U pa e.u( gran ipplji >i hi \ proj ►$ I > u<*< t mod ni Iran sreni 
t chn 1 tl ~< 11 * il <- tj arietie pi mam ntal f ?h wifli i tinc.i and pi li t le 
eolot i:>at terns. 

A 1 - ti ii Ljid ■-..step to t plore lt i ilu' i of Uic Li nsgenie technique to ornamental 
fish cbi i h 1 selected. ai i i o 1 ^ Zebra fish i on of the n st popular ornamental 
, ! i 1 <iii I il > u 1 isingl) n n iti nf in td 1 for d 3. pirn nl bio og (4j. / 
«.fjci ncoi 1 in del, zebraftsh bffei raaiij ad* uiiag , g exi nial i id iransp rent 
m -pie i y t 1 t l i hp ^ co^t to n l n ! mg i g j c ,rt I n b tl 
e n tic and embi log) eseareb etc Beeai en I e idv nfag< , reHi fi h , 
i i u tti i 1 u m i » d the world in tho past 1 u The eel} Itn 
embi 'jn > ii, n < n establishc (5 thou i I it lutants h n created , 
SfUirm < ! t ntation (6,7) and genetic link< map ha in s constructed >y RAPJ ! ( " 
( n . Timtsgei t ebrafish' has -alsb/heen reported (< i t, How vei tin gene (ransfen-ed in 
all cases arc derived from othei species such as virus and mammal ; drip to the la. l< of the 
i 1 iff!' ! 1 [ mi ' L j ni i , 

it ' 1 II ^ - I Hi > T i lei organ i si iclj as th i.n d id mon is rather limit f 
He I sen pn po 1 e.imend tt>=-e id the reperfoi f th n p. by isolation x> 
l«» * mnibei zebj fish ei nd selected £ m u - 1'hc includ 1) rapid us lauor 
an 1 i iiifi Hi )-< sb -Ti i.g re n IWAd ue lagging > J y ted i don and 
il i, erization of zebrafish en p meter J) tissue specif! xpression ol report? >«n 
l nsgehi z t ish to t t tl suit ability of the promoters ti ' 1 vi t i > r r i 
eoJo paUerius b) transge r expression of green fluores entproteit < i 

Five types of transgenic zebrafish will be produced in the pi-esent proposed 
I 1 i I is is p i L 1 j sill 

undei a strong and ubiquitous prot i iter; 2) green muscle green col.oi in muscle undei a 
ui- le si fn p jfiiolei J ' t ee f sk n m lor in ? in i n<1i i s skit 5pi ill pi n i < 
4j hear iudueil g oloi prod ' ig! em rain , i t u L n r 

P aotei i 5) metal hu eiblt green: green color is pi «i f by add iti ft n / 
'i int id c hn im in d a metali mi ihi mot The '-re explored 
rafish-w.ill.als t <ul in 1 appl bit b c i irn « n il fish &p Hi i tit 1 
r 1 -ma k nial 'i h ' \ \ be ii' rkH.b e. 



H, iiACKGROUND 

(ij ^ttvioos work 

The basic transgenic approach to create novel varieties of omamoiital fish is to iiiseit 
a gene erica <■ proteii ihe genot if elected fish peei uikIu d ^d ed 

1 [ Tl cicd prompt ill direct th r protein t ^ sir rtain lissi < 
undei rtain. induction condition d sheaf she id J ivy metal thu i eoloi 
pam iiswini: created Hie color g^ne cim&a in the present pibposal is green Suoivs u 
pr in (GIT) gene In isolated fron jel fish <l4b < nit n light in 

Is i din « et light without the need of substrate. GFP h 3 ,e c i 
1 'b'u r e ivi 1 tn can I used -in lr. ■ gars s rransgenic exj ssion- 1 GFI- h 



been leported in nematode and fruit fly (15,16). Recently, the feasibility of expression. of 
G-FJ Lt a (I > s i t demon trated in 'i i ' - i er, dm i t] stud n 
tmi g riii zebi tfi <r un] f < f ] h te ologoas j m note: derived t ilh , fi >m virus or fi i oihe 

1 e i f effectiveness I n is :.:cnic t predion Is f room nil \ limbed i r) 5 
beU-rulogous ptojnotcrs (3). 

in, order Eo generate ^cessfuJ fransgeoh zsobrafisii Fcpj ornamental application as 
developmt tnalysis, it nee arj io isolate more zebrafi.sh genes and 
promoters It i l, j]b 1 pted that < ol j 1 10 tea i 11 jU used t 
< ripared to a hcLei'0]ogouf, _pronio!:er. C:nn'cnt]j he number of zebrafisl ic.s 1 >lated i 
1 ithei ' mb' i and no bi dish promoter has been rep 0 L Therefore, tber i-s an urjten 
i 1 10 in j be Aail bdm of '.ebi fish £ei it! pron >i imprc < tht 

infrastructure studio in zebrafish d.'hc traditlonai method lo isolate a Rene is screening oi a 
jene 1 "L Wt si< 1 l&c itiup eat expen \Ve lir** i r> a ite 1 hod 
to rapidly i flat abd m iiiif) z brafi J ens i hi m. tbod is , d on U worf nil n « 
i^enoriii project to .sequence random cAM-fi, elon s b> a single fun ! action and rl^ 
nces- obtain I b tm meth i i died expre I utm me (ES'I 1£ 
ell> * " 1 ' idoirdj selec el cf>N \ ones from ,1' NA h'bran 1 a indt 
scq end-tig reaction u jbta n 2QO-3D.0 b -r pairs oi - ruenees foi each clone Th ,- 

;que u ss art 1 ien us< d is tags for d ctse c i<>.i " io sear, h for ho ro >£V in DMA data! i ?s 
lis this wa , ab >u 1Qy< of the random clones sequenced can be idei li ied has I n 
se i 1 n v " larit; 1 ( «r Ij, we have found ih 1 liuhly efficient > 

increase Hie repertoire of cloned fish genes (13): Since then; we have accumulated 
hundreds of random clone front twozehrafish cDNA libraries an embi onic Hbi rv md 
' ' Lull b ! n n Over 100 zebi 1 ics b boorj id ified id man} I ihem 1 1 
n Ji 1 ( ! pi n a specific tisanes (Lee at f 1 Wished d 

> ii! 1 !l J O! 10 Of" (J U t n t 1 no It 1 u u l t u 1 

li-i k Ui g t If n Mr m ted' can then 1 used to isolate ;en promote) i-i 
* J 'J one f te clones ide tot d . icode nyosiu lighi. chain MLG2) wi hi 
! mcally, net 1 1 k ! E mu lib, n t 1 by in situ li/bridi f H 

arid Gong, unpublished data) !b isolate a 1 1 le specific promoter, we bn rievcioj I 
tpid method b>i c i linfc medialedj lymera cl reaction (PGR) T d, method 
1 t 1 < iligonucleoti te Hnl wi 1 ha's a di 11 11 j n n l to prevent 

1 -1 t nplil n, is I i gated enomic DiNA allot piste restriction j\ nL r 
Pi 1 lit- ion i then n pii* by-ne 1 PCR u n e n spt ifj )r imcu bi d f: 

snd it' the cDNA clone and pr nets fmm-fh< s.ynthctif linker Bv thif method v, h vt 
u< > ulK isolated an I 1 kilobase MLC pron tor whfcl mt n ; trai bvi u 
le specif lemeti (Chan 1 Gorijt nj J> ied). 6th 1 1 olo currently 
j r > tblctroo on njp.tdrDNAtloPL to L,o!dt f( U' ,pec if 1^ pi , meter i, mcludc heart a 
acttn fbearr), a ysf<dim (eye), %ilcIlogcnn tlivci ,c 1 arm y&m) etc 

(iij Research experience 

1 1 ' stote-ot li'jo-art techniques in modern molecular- 

' Otog; u i'i be os t 1 > m ^ « u . , x include n cular < nit ' 1 .suaucjjciu^ 
f i v iain 1 c-ion (PCi c situ l, b 1 L ,h iriicroitifcction and. ok ;i p u * rs 

t ,ii pr.r Mi >r, Dr. Gong; have t 1 • >] 1 , |e 

blo] research for the past I 2 ud have hand- on e.rientx in alt techniques 
re im dm the pro; research, His major i rcfj t iv iv ne re ll 

L 1 rchin i - 1 cteriz ion of fish get p'romot ,01 111 md pi on of 

pituitary hormone gejies, structure and function of antifreeze pcoteins, "transgen'ic fish, and 
11M home* x g-i / ' 5 pxipas on transgenic fish in inn uion 

iounmh m th pan 0 yvan Cmrcnth his research gmupt mjists oi' w* lull tim rt earch 
assist nil who #ork , n i\ hoaiw ^ o gene p oj. I and i ne g iduati , 1 den! 1 1 w n s 



on molecular vaccine for li$b disease. BoEh of then j are- now well trained in molecular 
1 < i i s upervi leweoraers fpj m st 1 th tect i ,» ui i i tl 
proposed research project. The co-investigator, Prof. T.J. Lam, has 3.1 years of 
s 1 eccb 1 rieai in bi legit U res tr< 1 oil fish audds* prominent scientist in this field 



Hi. PROGRAMME 

1. Isolation and identification of zebrafish genes 

In order to .ftiithcr increase the 'repertoire of tagged zebrafish cDNA clones to 
eonsnruct a ? 1< x library which is a col lec n of taggei Dl * km inu 
to continue > seq random! laded d ! I'o maximize the i presentation oi 
ah expressed genes, two cDNA libraries were constructed: one is an embryonic cDN A 
lib-ran, which wa madt with a mixed stages of zebt fish embr of ant the hhet ii adult 
cDNA library which arc made i i in red n ale ant - man i >b cDN ^ clones \ dl b. 
el < rdi.nL>, y for seqw i md t iv < gi tain a. ion * til fa a ed < d 1 y 
moj - naiish i od ma u> expand tl i\ ad ability ol bi i i ge~ie resour f ue 
»j cDT ' clone identified 1 hi pproach vti'l b t t >hi n f theb 

1 1 rs I i => t ' t i i i r can also be used' for pi teal n >ing, li ind l 1 > 
s i 1 i it siigaiion < gene e^p essi >n ind< xprc . J i of us d proteins v 

2. Tissue; specific expression 

SuEl ted cIom with f tmptive- tissue .' .or ty d he confirmed b> in sitti 
j ! izai n itj > .clone elated rein-ptt! n to i itaiiiT? ml T? 
promoters, to generarc. sense -and atttisense riboprabes respectively. DIG UTF labeled 
) ' 11 be used I hoi© mount in situ hybridization on > it 

r-mbi oh ji .i ft-, a id anti I >TG . ntil id\ e. njng led with all aim phospbata c w fl b used 
for cdiordftvelojpietrf in the presence of substrate (19), 

3. isolation of zebrafish promoters 

fl >NA clone:, will b u d for j omotei isolation I he e clone-- ull be 
uenced npk ]y i leal ol g$ n spe fic primers. 1 [ oi il solalcd 
7 ^ our newly d 1 j linker i 1 uc PGR method In lb j esenl proposal the 
following five gene promoters for transgenic research will be concentrated on: 
l)'nbiqiytou_s_ptomotet "j he promoloi will be isolated using an elongation factor la cDN A 
clone, EFltit is an essential protein: factor in trmislauonal maebitiery and are- present in all 
ell l £ 'fit; mRNA is a htgbh, tl u id it sp cat s in all cells and its cDNA clone 
eorisEltutes..a;few percentage of el6ries ; jn the two .zebrafish cjDNA libraries v/e constructed 
(out unpublished data)- thus, the g< iv ior IT"! / like! h is a strong promoter to function 
u-bis into ish in ali tts; u - 1 Kifv J »M ^ etc m ha tiro J , been idea ified in our tagged 
DNAis a a 1 »t L e equenc completely to d tg CR -primers f isoialh if it 
j i r i in linker mediated PGI 

l_Mos hiipe tfj. ptL ii Lei Mt'sde is the largest tt^ne in mult i^h and tituvk ^peeii'ic 
,gene expression -iss the easiest, to characterize. A myosin UtrhL chain 2 promoter has been 
dated and will bi < h tie* b izedhy chi J in : tion ioto uscle (^Oj md by transient 
expression in transgenic zebrafish (see Sections 4-: ! 
i^k:JL.»pf du j]ti< km is i e U and the transgei ipressiot ml 

{ n 1 1 1 1 L Mo v't s t terns ,?i m rmen I no di c to th « ignu , f f in 

skin cell don .specif i ci)N doty teoding o rami ha I ni lated bj L l 
1 uv ^ f t. nd dl b use 4 U .s., 1 > t tins yj h ^ t lOt.ei 



B-;a!_%jjoU .pryaigle;:: lieai shock promote* is useful tc conditionally express 
i u ne. The transt will onl > \f ss«! imd t L i < I t r, r hod 
■' 1 1 ot< i i o.l it i I, in h i hoekprbl n ) <> i el ne Se i >' t L shock j a 
1 v f lou ) i\l I cu is Sate i j-u otr I ggwd Jon > J d' i ^ > I i i mm ' 
heat shock promoter. 

* ~ ' 'Hi i r It p mmtc i i ■ ^ - r u. >t ptuniour i u -id iced to s\p f - I m 
level by heavy metals such as zinc and cadmium. The best characterized metal inducible 
promoter is meiallothionein gene promoter. Zcbrafish metaliothioncin cDNA clone will be 
isolated by hybridization screening .using 'a homologous probe from winter flounder (13) if 
we. can not obtain a suitable clone by cDKA clone tap.ginsi. The promoter will be isolated 
based on the meiallothionein cDisIA sequence. 

4. Transgenic D.N A constructs 

der to characterize the isolated promoters a or 0 tissue spedfici i 
vivo the } into > 1' tgriicnts 1 ill b^ ligat.ee pa t tn be used in Iran i ni 

researcl i'h following three reporter genes -will-be; used in die present study 
HI Ulge.2< < \T is cfiloirampneoi© 1 icetylrra sfi case which can be used to acetate 
M * \<m lol and. it* activity ca easily tpiantitated Ml i k 
CAT assay is important to analyze the -promoter activity (2 J ). 

2) Lac Z- gene;. las Z erojod.es (3-gfiiactosidase which, is highly sensitive ,&nd can be used to 
' , > the t tnsgen ;xj l t >n in situ in (he presence of the substrate X-gal On & it is 
important to lo au iissat specifiei ( '.and inofc.sensitive than rl« GFP system! 

1 T i Tj l ,ti t GFP i ju o airman md thus ea.i oe peifotmed in live 
i' ni « ni( fisl ] the detection sen to n, is I r . E tj i icZ reporn i Reconstruct 

r >iN • cniualb u d t« levelep stable 1i ns jhic lii h haraental purp .« 

5. Introdui fi-m at transgenic DMA * onstrm ^ into zebi a fish 

lb' i . W 1 f iritcox uc 1 i to* igtt I J ' r ' bra sli n ! !i ,n < r« ir\ lion 
ciectropuration (10), retroviral infection ill) and spi in mediated transfer {121 M the 
pr posed, we 1 'ill try mb roipje rtion -ad electf operation So far, Tiicroin Section i tit most 
i 1 mdliiJ i idrlnu !o n DN \ bt *i i i i 1 j en 

iii sonne! t erform.i r t tioivh ilsobi reported 1 lece ci an 
*> J h i rate a fev hundred c%gs in a short period Howevei this m th 1 I 
L * <■ i 1 1 1 rop Lion conditions need i )e optim i t [ en scare! 

^ ill In develo] i opti na! lectroporation eoticlition I jenera no i 
zebrafiits; 

6. Ciuiracit'n/al m of zd fis pi uotei b ( trfmsient expression 

fheact fyoftl promo rs lib sted I comj rl. by traustent i p ioi 
i I an en ebiafish. The transgenic D,\'A i it ill be introduced m ie 
e^s tnd tb„ e pic ion oi the trait ^ene will 1 ^ mined in ca , embi >gcn y un 
nni > 1 lc\v'i ol c\u!ession can be n Stored by CAT gei i tiuet i 

eiluify b\ Lac 7 gene ro monimi r j r in live fish 

GF3 ;ene constructs vill re used. For h I h k itxl me! inducible promote] 
corresponding inducible conditions will be applied to monitor the expression of the 

s. -Sometin o-l * ->n - r ercain | t ion i n s its ia\ 1 v r\ to ' n i 

optimal acidity, . 

X Generation oi stable lim r>t frans^ei ^ ebi illsli expressing GFP 

I/he nlfimat purpose si the preseni proposal is t ? gem r novi i ct lorpattcnu o! 
! i i i. 1 < bt t*L< < t sness oi i it i n - « on I by abo dit 

table line of OFF ransgeni brai'ish wit! r'i- five different | overs wjj 
i tablj I'.d l>> e bdblish %i bit Sines tMnj n'ti fish ebral ;h ^m'i- ? viti die 



inn hiecd GFP gen »vUl e raised t( dulthood and tnmsgeti adult will I screened 1: 
PCR using pieces >ffii tissue f lie expression of GbT gene run k n i ibh pi cotvp > 
transgenic ?.ci i ifisb ixl can be.monitoied witfi a non-jnVa$ive app fcaeh b maintaining tht 
fishurj t tlducoj m iviole njv The tntnsj nic adult witl idem !r 1 exp on 
cf Gf> getic v n' he c>e touo, ion j n^nic indi\jdutl to )! lam uond generation 
"< r ni cm fi 11 ^ f list, posili i u'diMti* d < ill b =ro ; j 'ttii , >ihei p an 
indh dual to obtain both Jifctet "iygot.es : and homo: gotes I'h m k li a r>, , iH sgcni fish 
i <u ,! Jtainc tc he second g m i n 1 * < rtomic vah Ik u j ish 
id be M ! <j, d it i Qtb r interesting fluon ent patt 1 u m i 

t if i d gen« it 1 usii Jj fere it ".promote bj end inn on tl typi DNA 
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Fast Skeletal Muscle- Specific Expression of a Zebrafish 
Myosin Light Chain 2 Gene and Characterization of Its 
Promoter by Direct Injection into Skeletal Muscle 
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ABSTRACT 

A zebrafish myosin light chain 2 cDNA clone was isolated and characterized. Sequence analysis of the clone 
revealed a high homology with the mammalian and avian genes encoding the fast skeletal muscle isoform, 
MXC2f. To situ hybridization and Northern blot hybridization analyses indicated that the zebrafish MLC2f 
mRNA is expressed exclusively in the fast skeletal muscle. Ontogenetically, the ML€2f mRNA appears around 
16 hours postfertilization (hpf) in the first few well-formed anterior somites. At later stages, the MLC2/mRNA 
can also be detected in fin buds, eye muscles, and jaw muscles. To develop a useful model system for analyz- 
ing muscle gene regulation, the promoter of the zebrafish MLC2f gene was isolated and linked to the chlo- 
ramphenicol acetyltransferase (CAT) reporter gene. The MLC2f/CAT chimeric constructs were analyzed by 
direct injection into the zebrafish skeletal muscle, and significant CAT activity was observed; in contrast, lit- 
tle or no CAT activity was generated from a similarly injected prolactin gene promoter/CAT gene construct. 
Within the 1 kb of the MLC2f promoter region, several MEF2-binding sites and E-boxes were identified, sug- 
gesting that MLC2f can be regulated by muscle transcription factors MEF2 and myogenic bHLH proteins. A 
5' deletion analysis indicated that the proximal 79 nucleotides from the transcription start site, which con- 
tains a single MEF2- bin ding site, is sufficient to drive a high level of CAT activity in injected muscle. Inter- 
nal deletion of the MEF2 element in the -79-bp construct caused an 80% decrease in CAT activity, whereas 
internal deletion of the same MEF2 element in a — 1044-bp construct had no effect on induced CAT activity. 
These observations suggest that an MEF2 element is important to activate the MLC2f gene in muscle cells, 
and the effect of loss of the proximal MEF2 element can be compensated for by the presence of the upstream 
MEF2 elements. This study also demonstrated that direct injection of DNA into skeletal muscle is a valid and 
valuable approach to analyze muscle gene promoters in the zebrafish. 



INTRODUCTION 

Myosin is A complex multimeric protein that plays a cen- 
tral role in contractile processes in eukaryotes. Each mol- 
ecule of the protein consists of two myosin heavy chains (MHC) 
and two pairs of myosin light chains (MLC). The light chains 
exist in two forms: the alkali chains (MLC1/3, nonphosphory- 



latable) and the regulatory chains (MLC2; phosphorylatable) 
(for review, see Emerson and Bernstein, 1987), both including 
multiple isoform s which are expressed differentially in differ- 
ent cells or in the same cell at different stages of development 
(Parker el a!., 1985; Kumar et al., 1986). In vertebrates, the 
MLC2 gene family includes at least three unique genes: one ex- 
pressed in fast skeletal muscle {MLC2fi, the second in cardiac 
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and slow skeletal muscle (MLC2s), and the third in smooth mus- 
cle and nonmuscle cells (Shani, 1985; Kumar et al, 1989; Lee 
etal, 1992). Different combinations of MLC2 isoforms are ex- 
pressed in different muscles in a developmental^ regulatory 
and muscle-specific manner. These attributes make MLC2 
genes an excellent model system for studies of muscle-specific 
gene expression as well as of differential expression of multi- 
gene families during development. 

Whereas the structure, function, and regulated expression of 
different isoforms of MLC genes have been relatively well char- 
acterized in the mammalian and avian systems, little is known 
about the MLC genes in lower vertebrates such as teleost fishes. 
In recent years, the zebrafish has become an increasingly im- 
portant vertebrate model for developmental and genetic analy- 
sis (Kimmel el al, 1988; Driever et al., 1994). As a model or- 
ganism, the zebrafish has several advantages; e.g., easy 
availability of a large number of eggs, rapid and external de- 
velopment, and short generation time. Recently, the generation 
of hundreds of random zebrafish mutants has further enhanced 
its position as a vertebrate model in developmental analysis 
(Driever et al, 1996; Haffter etal., 1996). The zebrafish is par- 
ticularly feasible for analysis of muscle-specific gene expres- 
sion. The embryonic expression in skeletal muscle is easily ob- 
servable, and plenty of muscle tissue is available from adult fish 
for molecular analysis. Transgenic studies can be carried out to 
analyze gene promoters (Gong et al, 1991; Meng et al., 1997). 
Moreover, expression of DNA injected directly into skeletal 
muscle has been demonstrated in the mouse (Wolff et al, 1990; 
Vincent et al, 1993) and could be adapted for the zebrafish. 

In the present study, we isolated from the zebrafish a mus- 
cle-specific cDNA clone encoding an MLC2 protein. To de- 
velop a system for analyzing muscle-specific gene expression 
in zebrafish, we have further isolated its promoter and demon- 
strated by intramuscular injection of promoter-reporter gene 
constructs that it is active in muscle cells. Our study demon- 
strated the feasibility of characterizing muscle gene promoters 
in the zebrafish by direct injection of DNA constructs into skele- 
tal muscle. 



MATERIALS AND METHODS 

cDNA cloning and sequencing 

The full-length cDNA clone coding for zebrafish MLC2f was 
isolated by sequencing randomly selected cDNA clones from a 
cDNA library made from mixed stages of zebrafish embryos 
(Gong et al, 1997), The 1.4-kb cDNA clone (E72) was se- 
quenced completely by the dideoxynucleotide chain-termina- 
tion method using the T7 Sequencing Kit (Pharmacia). 

Northern blot hybridization 

Total RNA was isolated from various tissues of adult fish 
and from embryos of different developmental stages using TRI- 
zol reagent (GIBCO/BRL). The RNA (10 ^g) was fractionated 
on 1.2% formaldehyde- agarose gels and transferred to Gene- 
Screen membranes (DuPont-New England Nuclear) as previ- 
ously described (Gong, 1992). The blots were prehybridized at 
42°C in hybridization buffer (50% formamide, 5 X Denhardt's 
solution, 4X SET [IX SET = 0.15 M NaCl; 1 mM EDTA; 20 



mM Tris, pH 7.8], 0.2% NaPPi, 25 mM phosphate buffer, calf 
thymus DNA 250 fig/ml, and 0.5% SDS). Hybridization with 
a 32 P-labeled MLClf cDNA probe was performed in the same 
hybridization buffer at 42°C overnight. Membranes were 
washed. first with 2X SET/0.5% SDS and finally with 0.2 X 
SET/0.1% SDS at 65°C and exposed to X-ray film for autora- 
diography. 

Whole-mount in situ hybridization 

Whole-mount in situ hybridization using a digoxigenin 
(DIG)-labeled riboprobe was carried out essentially as reported 
by Thisse et al (1994). The MLC2f plasmid DNA was lin- 
earized by BamUI, followed by in vivo transcription reactions 
with T7 RNA polymerase for the antisense RNA probe. Em- 
bryos of various stages were hybridized with the RNA probe 
in 50% formamide, 5X SSC, heparin 50 |ig/ml, tRNA 500 
pig/ml, and 0.1% Tween 20 at 70°C, followed by incubation 
with anti-DIG antibody conjugated with alkaline phosphatase 
and by staining with substrates nitroblue tetrazolium (NBT) and 
5-bromo, 4-chloro, 3-indolil phosphate (BCIP) to produce pur- 
ple insoluble precipitates. Some of the stained embryos were 
embedded in 1.5% agar-sucrose and sectioned onacryostat (15 
fim). 

Isolation of zebrafish genomic DNA 

Genomic DNA was isolated from a single individual fish by 
a standard method (Sambrook et al., 1989). Briefly, an adult 
fish was quickly frozen in liquid nitrogen and ground into pow- 
der in liquid nitrogen. The ground tissue was then transferred 
to the extraction buffer (10 mM Tris, pH 8; 0.1 M EDTA,RNase 
A /jg/ml, and 0.5% SDS) and incubated at 37°C for 1 h. Pro- 
teinase K was added to a final concentration of 100 jig/ml and 
gently mixed until the mixture appeared viscous, followed by 
incubation at 50°C for 3 h with periodical swirling. The ge- 
nomic DNA was gently extracted three times by phenol equi- 
librated with Tris HC1 (pH 8), precipitated by adding 0. 1 vol- 
ume of 3 M NaOAc and 2.5 volume of ethanol, and collected 
by swirling a glass rod, followed by a 70% ethanol rinse. 

Isolation o/MCL2f gene promoter 

The MLC2f gene promoter regions were isolated by a linker- 
mediated polymerase chain reaction (PCR) method (Liao et al, 
1997). Briefly, zebrafish genomic DNA was digested respec- 
tively by BairiHl, EcoKi., EcoRV, Hindlll, Pstl, and Sad 
and modified by T4 DNA polymerase to generate blunt ends 
if the digested DNA had sticky ends. The digested genomic 
DNA was then ligated with a short linker DNA. Nested PCR 
was performed by two linker-specific primers, LI (5'- 
GTTCATCTTTACAAGCTAGCG) and L2 (5'-TCCTGAA- 
CAATGCTGTGGAC), and two gene-specific primers, Ml 
(5 '-CCATGT-CGAGACGGTATGTGTGA) and M2 (5'- 
GTGTGAAGTCTAAGAAGATCAAG), which are comple- 
mentary to the 5' end of the MLC2 cDNA. The PCR products 
were gel purified and cloned into pT7 Blue vector (Novagen). 

Promoter-reporter gene constructs 

Three MIC2/promoter/CAT reporter gene constructs were 
made by insertion of a 1-kb, 2-kb, on 3-kb M£C2/promoter re- 
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gion into the Hind\WBamHl sites of pBLCAT3 (Luckow and 
Schutz, 1987). The resulting constructs were named pMLC2fl/ 
CAT, pMLC2f2/CAT, and pMLC2f3/CAT, respectively. A 
pituitary-specific promoter/CAT construct, — 2.4sPRL/CAT, 
which contains 2.4 kb of promoter region from a prolactin gene 
of chinook salmon, was described previously (Elsholtz et al., 
1992). 5' Unidirectional detection clones were constructed from 
pMLC2fl/CAT (also named pMLC2f-1044CAT to be consis- 
tent with the nomenclature of the deletion constructs; see be- 
low) plasmid using the double-stranded Nested Deletion Kit 
(Pharmacia), and five of the deletion constructs were selected 
for promoter analysis; they are pMLC2f-1005CAT, pMLC2f- 
934CAT, pMLC2f-530CAT, pMLC2f-33 ICAT, and pMLC2f- 
79CAT, corresponding to -1005 bp, -934 bp, -530 bp, -331 
bp, and —79 bp of the proximal promoter region, respectively. 
To generate an internal deletion in the promoter region, two 
outward PCR primers (outl: 5'-GGATCCAAGGGGCCTTC- 
GTCAGTAT; and out2; 5'-CCGGATCCCAACCTTAAGT- 
GAGG) were designed on the basis of the sequences adjacent 
to the deletion site (see Fig. 4 below), and outward PCR was 
carried out with two of the 5' deletion constructs, pMLC2f- 
1005CA T and pMLC2f-79CAT, as templates. The outward 
PCR products were blunt-ended by T4 DNA polymerase and 
circularized by ligation, followed by a second PCR to amplify 
the deleted promoter region using two vector primers (CAT: 
5 '-AGCTTCCTT AGCTCCTG; and M13: 5'-GTAAAACGA- 
CGGCCAGT) and religation of the second PCR products into 
pBLCAT3. 

Intramuscular injection of DNA 

Zebrafish were purchased from a local aquarium store. Prior 
to injection, the fishes were anesthetized with 3-aminobenzoic 
acid ethyl ester (MS222; 100 mg/L) for a few minutes. A mi- 
croliter syringe (Hamilton 26-gauge needle) was used to deliver 
plasmid DNA in phosphate buffered saline (PBS) into one flank 
of the fish. The site of injection was the skeletal muscle im- 
mediately rostro ventral to Ihe dorsal fin. Injection of an equiv- 
alent volume of PBS was used as a negative control in these 
experiments. 

Chloramphenicol acetyl trans) r erase assays 

The rapid CAT assay method developed by Neumann et al. 
(1987) and Eastman (1987) was adopted. At the indicated time, 
injected fishes were sacrificed, and the muscle tissue around 
the injection site (about 50 mg) was excised and homogenized 
in 300 (A of 0.25 M Tris HC1 (pH 7.8), followed by three cy- 
cles of free/.e-thawing. The samples were then centrifuged at 
14,000 rpm for 10 min. For CAT assay, 100 fi\ of the super- 
natant fluid was removed and heated at 65 C C for 10 min to in- 
activate any endogenous CAT activity. The reaction mix (40 
/il), consisting of 0.5 n\ of 200 mM chloramphenico 1 (Sigma), 
0.5 fil of 3 H-acetyI CoA (Amersham; 216 /iCi/mM), 19.5 /il 
of 75 mM HC1, and 19.5 fii of 0.25 M Tris HC1 (pH 7.8), was 
added. The samples were incubated at 37°C for 3 h, and 1 ml 
of 5 M urea was added to stop the reaction. The mixture was 
transferred to a scintillation vial containing 5 ml of nonaque- 
ous scintillation fluid (BCS-NA; Amersham), and the samples 
were then counted in a scintillation counter. 



P-Galactosidase staining 

For /3-galactosidase staining, the injected fishes were fixed 
by injection of a solution of 2% formaldehyde, 2 mM MgCb, 
1.25 mM EGTA, and 0.1 mM PIPES (pH 7.0) into the muscle 
tissue around the DNA injection area and the peritoneum, fol- 
lowed by immersion in the fixative solution for 6 h at 4°C. The 
fishes were then incubated in permeabilization solution (PBS 
supplemented with 0.07 M NaCl, 0.01% sodium deoxycholate, 
and 0.02% Nonidet P-40) and stained for /3-galactosidase ac- 
tivity by immersing them in the permeabilization solution con- 
taining 5 mM K 3 Fe(CN) 6 and 5 mM K 4 Fe(CN) 6 at 37°C in 
the dark for 2 h. Following incubation, the fishes were rinsed 
in PBS, and the muscle tissue around the injection site was ex- 
cised and mounted in a 20% sucrose/1.5% agarose block, which 
was then equilibrated in 30% sucrose overnight. Finally, the 
embedded muscle tissue was sectioned with a cryostat micro- 
tome in both transverse and longitudinal orientation. 



RESULTS 

Isolation and characterization of zebrafish MLC2f 
cDNA clone 

One of our expressed sequence tag (EST) clones from a ze- 
brafish embryonic cDNA library, ZF-E72, shared significant 
homology with the fast skeletal muscle MLC2f cDNAs from 
other vertebrates and appeared to contain the full coding region 
(Gong et al, 1997). The ZF-E72 clone was sequenced com- 
pletely, and the cDNA insert is 1386 nt long, comprising an 
open reading frame of 169 amino acids. Another EST clone, 
ZF-A113, which is identical to ZF-E72 in the overlapping re- 
gion, is 6 nt longer at the 5' untranslated region (UTR). The 
combined zebrafish A/IC2/cDNA sequence of 1392 nt is shown 
in Figure 1. The deduced amino acid sequence is highly ho- 
mologous to that of other vertebrate last skeletal m uscle MLC2f 
proteins (>80% identity) and shares relatively low identities 
(<60%) with other MLC2 proteins. Thus, it is likely that the 
zebrafish MLC2f clone we isolated represents an ortholog of 
vertebrate fast skeletal muscle MLC2f genes. Because of the 
clear orthology, it is likely that the emergence of different 
MLC2 isoforms occurred before the divergence of fish and 
tetrapods. The amino acid sequence alignment among various 
vertebrate MLC2f proteins is presented in Figure 2. 

It is worth nothing from Figure 1 that there are two poten- 
tial polyadenylation sites, AATAAA, at nucleotides 797 and 
1351. The presence of two populations of MLC2f mRNAs 
(~ 1 .5 kb and ~ 1 .0 kb) was confirmed by Northern blot hy- 
bridization (Fig. 3). 

Skeletal muscle-specific expression of the zebrafish 
MLC2f gene 

To examine expression of the zebrafish MLC2f gene, North- 
em blot hybridization was carried out. As shown in Figure 3 A, 
MLC2f mRNA started to appear in embryos before 20 hpf, in- 
creased in (he next 2 days, and remained high in the adult stage. 
To examine the tissue distribution of MLC2f mRNA, total 
RNAs were prepared from several adult tissues, including brain, 
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1 CTCTTCTTGATCTTCTTAGACTTCACACATACCGTCTCGAC 41 

42 ATG GCA CCC AAG AAG GCC AAG AGG AGG GCA GCA GGA GGA GAG GGT TCC TCC AAC 95 

1 MAPKKAKRRAAGGEG SSN 18 

96 GTC TTC TCC ATG TTT GAG CAG AGC CAG ATT CAG GAG TAC AAA GAG GCT TTC ACA 14 9 

19 VFSMFEQSQIQEYKEAFT 36 

150 ATC ATT GAC CAG AAC AGA GAC GGT ATC ATC AGC AAA GAC GAC CTT AGG GAC GTG 203 

37 IIDQNRDGIISKDDLRDV 54 

204 TTG GCC TCA ATG GGC CAG CTG AAT GTG AAG AAT GAG GAG CTG GAG GCC ATG ATC 257 

55 LASM GQLNVKNEELEAMI 72 

258 AAG GAA GCC AGC GGC CCA ATC AAC" TTC ACC GTT TTC CTC ACC ATG TTC GGA GAG 311 

73 KEASG PINFTVFLTMFGE 90 

312 AAG TTG AAG GGT GCT GAC CCC GAA GAC GTC ATC GTG TCT GCC TTC AAG GTG CTG 365 

91 KLKGADPED VIVSAFKVL 108 

366 GAC CCT GAG GGC ACT GGA TCC ATC AAG AAG GAA TTC CTT GAG GAG CTT TTG ACC 419 

109 D F E G T G S I K K E F L E E L L T 126 



420 ACT CAG TGC GAC AGG TTC ACC GCA GAG GAG ATG AAG AAT CTG TGG GCC GCC TTC 473 

127 TQCDRFTAEEMK NLWAAF 144 

474 CCC CCA GAT GTG GCT GGC AAT GTT GAC TAC AAG AAC ATC TGC TAC GTC ATC ACA 527 

145 PPDVA GNVDYKNICYVIT. 162 

528 CAC GGA GAG GAG AAG GAG GAG TAA ACAACCTTGGAATCAAGAAAACGAAGAGAAGAACATGCA 590 

163 HGEEKEE* 169 



591 TCCTCACAGCTTAATCTCCAGTCTGTTGTCTGGCCTTCTCTAACTTTTGTTTTTCCTTCCTCCCTTTCTTG 661 

662 CTTTCTACCATCGTTGTTACTCCAAGCACTTACACTCTCCATCTTACCAAAGACTTGTCTCGCTGGGACTG 732 

733 AATTGGGAGGGTGGAGAGGAACACGACCACAGTGTCTGTCGAGTGGGGACATGGGATTGTTTTCAATAAAA 803 

804 TGAACATCATTTCTGTATCTCTCACATTCTCTCTTTCTCTCTGTTTCTCACTCATTACCCACAACCCCTCT 874 

87 5 CTTTCATTTCAGTCAAGCTTGCATGTAAGTCGCtGCTTCTTCTGCTGCAGTCTTAGGAGTTGAAACGAAGG 94 5 

94 6 CATCTATAGTTTGGGGCTGAAACATCTCTCTAGATCAATGTGGAAGAGTGCTCACTCTGAGGGGGAAAGAA 1016 

1017 GCACGATGGAGTGATCTCACTCTATAATAGAGGAACCAGTCATCATTCTCATTTCCTCCTCTGGTGGTTGA 1087 

1088 CTAAAAAGAGAAAGAGAAAATGAGGGTTTTGTGCTGAGTGAGTTTAGCCTCCTAAAAGCGATGCCGAGCTC 1158 

1159 ATCACAGAGGGAGTGAGAGGGACAGACCATCCTAGGAAGAGAGGAGAGCAGGGACTGAAAGAAAACATAAC 1229 

1301 TGCTTTCTGCATCTGGGCCTGCTTTGCTCTGCCAAACCTCTCCTGTAACC AATAAA AAGACACAAACTGTG 1371 

1372 AATAAAAAAAAAAAAAAAAAA 1392 



FIG. 1. The complete sequence of MLC2fcDNA clones and its deduced amino acid sequence. The numbers of nucleotide and 
amino acid residues are indicated on both sides. The two potential polyadenylation sites, AATAAA, are underlined. 



eyes, gills, intestine, liver, skeletal muscle, ovary, and skin. The 
M£C2/mRNA was detected only in skeletal muscle. 

To investigate the detailed pattern of MLC2f mRNA ex- 
pression in developing embryos, whole-mount in situ hy- 
brkiizaiion whs carried out with embryos of various develop- 
mental stages. The MLC2J mRNA first appeared faintly in the 
first few anterior somites in the ~14-somite stage (~16 hpf), 
which is earlier than the initial stage at which this RNA was 
detected by Northern blot analysis because the in situ hy- 
bridization approach is more sensitive (data not shown). Dur- 
ing subsequent development, the MLC2f mRNA was detected 
exclusively in somites (Color Plate 1, pane! A). To determine 
which region of the somite expresses AfLC2/mRNA, the stained 
embryos were sectioned, and the signal was found exclusively 
in the fast skeletal muscle (Color Plate 1, panel B). No MLC2f 
mRNA was detected in the surface slow muscle, which can be 



defined by staining with an antibody against a slow muscle 
myosin (Devoto et ah, 1996) and by in situ hybridization with 
a slow myosin-binding protein C cDNA probe (our unpublished 
observation). At 48 hpf, MLC2f mRNA was also detected in fin 
buds and several pairs of eye and jaw muscles, which are also 
striated fast muscles. However, no MLC2f mRNA signal was 
ever detected in the heart. These observations indicate that the 
zebrafish MLC2f mRNA is specifically expressed in fast skele- 
tal muscle but not in other types of muscles such as slow skele- 
tal, cardiac, and smooth muscle. 

Isolation of zebrafish MLC2 gene promoter 

In order to further analyze the skeletal muscle-specific ex- 
pression in the zebrafish, the MLC2f gene promoter was iso- 
lated by a linker-mediated PCR approach (Liao et ah, 1997), 
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FIG. 2. Multiple sequence alignment of MLC2f proteins from various vertebrate species. The complete zebrafish sequence is 
shown. For other sequences, dashes indicate identical amino acid residues, while asterisks represent insertions of gaps for max- 
imal alignment. The boxed regions (I-IV) represent the four conserved calcium binding domains of MLC2f. P indicates the site 
of phosphorylation of a serine residue that may be involved in the regulation of MLC2f activity (Michnoff et al, 1986). 



as briefly described in Materials and Methods. After two rounds 
of nested PCR, single DNA fragments of about 1 kb, 2 kb, and 
3 kb were amplified respectively from EcoKV — , EcoRl-, and 
F^rl-digested, linker-ligated genomic DNAs. The 1-kb, 2-kb, 
and 3-kb fragments were then inserted into pT7 Blue vector. 
Sequencing was performed from both ends, and all three frag- 
ments had identical 3' ends, indicating that they were ampli- 
fied from the same gene. The sequence immediately upstream 
of the gene-specific primer M2 was identical to the 5' UTR of 
the MLC2f cDNA clone; thus, the amplified DNA fragments 
were indeed derived from the MLC2f gene. The 1-kb fragment 
was sequenced completely, and the result is shown in Figure 4. 
A perfect TATA box was found 30 nt upstream of the tran- 
scription start site, which was defined by a primer extension 
experiment (data not shown). 

For muscle gene expression, thee are two sets of well-char- 
acterized e«-elements: MEF2-binding site and E-box, the bind- 
ing site for myogenic basic helix- loop-helix (bHLH) tran- 
scription factors such as MyoD and myogenin. Both elements 
can be found in the 1-kb promoter region. As indicated in Fig- 
ure 4, there are four perfect E-boxes (CANNTG), one perfect 
MEF2-binding site, and two potential MEF2-binding sites, 



which share 90% identity with the consensus, YTA(A/T) 4 TAR 
(Schwarz et al., 1993: Olson et al, 1995). 

Zebrafish skeletal muscle is capable of expressing 
exogenously introduced DNA 

As there is no zebrafish muscle cell line available, direct in- 
jection of DNA constructs into skeletal muscle becomes a 
method of choice for promoter analysis. To investigate the 
feasibility of the approach to study promoter activity, several 
preliminary experiments were carried out. First, the time course 
of CAT activity was examined after injection of a positive CAT 
DNA construct, pBLCAT2, which contains a strong and ubiq- 
uitous promoter from the herpes , simplex virus thymidine ki- 
nase (tk) gene (Luckow and Schutz, 1987). The CAT activity 
was assayed 2 to 7 days after injection. As shown in Figure 5A, 
the activity increased rapidly from day 2 to day 4 and reached 
a plateau at day 5. Therefore, all subsequent CAT assays were 
performed 5 days after injection. Second, the optimal amount 
of DNA for injection was determined. Different amounts of 
pBLCAT2, ranging from 0.25 //g to 4 /ig per fish, were in- 
jected. As shown in Figure 5B, there was a constantly high level 
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FIG. 3. Expression of zebrafish MLC2f mRNA revealed by 
Northern hybridization in developing embryos (A) and differ- 
ent adult tissues (B). The stages of embryos and adult tissues 
are indicated at the top of each lane. Adult RNA was prepared 
from whole fish. 



of CAT activity when 1 to 4 fig of DNA was injected. There- 
fore, in this study, we injected 2 fig of DNA, which is about 
3.4 X 10 11 molecules for a 5.3-kb plasmid (pMLC2fl), per fish 
for promoter analysis. 

To confirm the transformation of muscle cells by direct DNA 
injection, a lacZ DNA construct, pCMVy3 (Clontech), which 
contains a strong cytomegalovirus promoter and a fi-gal gene, 
was injected. The injected fish were fixed 5 days after injec- 
tion and stained for /}-gaIactosidase activity. Positive staining 
was observed within the striated muscle cells in the injection 
area. Thus, a single injection can transform several muscle 
fibers (Color Plate 2, panels B and C), indicating that, indeed, 
the plasmid DNA injected was taken up by the myofibers and 
the lacZ gene had been transcribed and translated. In compar- 
ison, injection of PBS buffer produced no /J-galactosidase ac- 
tivity (Color Plate 2, panel A). 

Functional analysis of MLC2f promoter by direct 
injection into skeletal muscle 

In order to test the function of the isolated MLC2/promoter 
regions, the 1-kb, 2-kb, and 3-kb promoter fragments were in- 
serted into a CAT reporter gene vector, pBLCAT3 (Luckow 
and Schutz, 1987). The resulting gene constructs, 
pMLC2fl/CAT, pMLC2f2/CAT, and pMLC2f3/CAT, were in- 
jected into zebrafish skeletal muscle. As shown in Figure 6A, 
all of the three promoter constructs produced high levels of 
CAT activity, which were higher than that generated by the vi- 
ral tk promoter construct, pBLCAT2. In contrast, the prolactin 
promoter had minimal activity in the muscle cells. These re- 



sults indicate that the MLC2f promoter is indeed functional in 
muscle. 

As shown in Figure 6A, there was no apparent difference in 
CAT activity among the three MLC2f/CAT constructs having 
the MLC2f promoter regions from 1 kb to 3 kb; thus, the cis el- 
ements important for muscle gene expression may be located 
within the 1-kb proximal region. To map the cis elements im- 
portant for muscle gene transcription, unidirectional deletion 
from the 5' end of the 1-kb (or 1044-bp) CAT construct, 
pMLC2fl/CAT or P MLC2f-i044CAT), produced various 
lengths of the promoter fragment. Five constructs, each carry- 
ing a promoter of a different length (1005, 934, 530, 331, and 
79 bp), were selected for muscle injection and CAT assay. As 
shown in Figure 6B, there was essentially no difference in pro- 
moter activity among the various deletion constructs. The dele- 
tion up to —79 retained strong activity, comparable to that of 
the unmodified 1-kb promoter. This result indicates that —79 
bp is sufficient to support strong expression in muscle cells. 

In the 79 bp of the promoter region, the only obvious DNA 
element, in addition to the TATA box, is an MEF2-binding site 
located at -56 to -46. Thus, this MEF2-binding site may be 
an important muscle-specific cis element for MLC2f gene ex- 
pression. To confirm this hypothesis, we made an internal dele- 
tion to remove the MEF2-binding site from both pMLC2f- 
79CAT and pMLC2f-1005CAT by an outward PCR approach. 
The two internal-deletion constructs were also used for muscle 
injection and CAT assay, together with the undeleted ones for 
comparison. Internal deletion of the MEF2-binding site from 
the 79-bp fragment caused a dramatic decrease of CAT activ- 
ity, 80% below that of the undeleted one, indicating the essen- 
tial function of the MEF2-binding site for MLC2f gene expres- 
sion in muscle (Fig. 6C). However, deletion of the same 
MEF2-binding site from pMLC2f-1005CAT was followed by 
retention of a high level of promoter activity. This phenome- 
non may be explained by the presence of additional MEF2- 
binding sites in the — 1005-bp region, and these additional up- 
stream MEF2 elements may compensate for the loss of the 
proximal MEF2 site. 



DISCUSSION 

Expression of fast skeletal muscle MLC2f 
gene in zebrafish 

In the present study, a zebrafish MLC2f cDNA clone has 
been isolated and characterized. The deduced protein sequence 
is highly homologous to those of vertebrate MLC2f, the fast 
skeletal muscle isofonu. The zebrafish MLC2J 'gene is expressed 
in both' embryos and adult fish, and the expression is specifi- 
cally in fast skeletal muscle. The onset of MLC2f expression is 
much later than those of the myogenic basic bHLH genes such 
as myoD and myogenin (Weinberg et ah, 1996). From the pre- 
vious study by Weinberg et ah (1996), zebrafish myoD tran- 
script is first detected at 7-7.5 hpf, when the somites are not 
overtly formed. The myogenin transcript is first detected at 10.5 
hpf, shortly after the first somite is formed. In contrast, no 
MLC2f mRNA can be detected until 16 hpf. At this stage, about 
14 somites have been formed, and weak MLC2f expression can 
be detected in the first few anterior somites but not in the newly 



Color Plate 1. Expression of zebrafish MLC2f mRNA revealed by whole-mount in situ hybridization. Embryos at selected stages 
were hybridized with the MLC2f antisense riboprobe. A. Side view of a 22-hpf embryo. B. Transverse section through trunk of 
a stained embryo (24 hpf). C. Dorsal view of the rostral part of embryo (48 hpf) shows MLC2f mRNA in eye and jaw muscles. 
D. Ventral view of the rostral part of an embryo (48 hpf) shows MLC2f mRNA expression in fin bud, as indicated by an ar- 
rowhead. All bars represent 100 ^m. Abbreviations: E, eye; N, notochord; J, jaw; and SC, spinal cord. 




Color Plate 2. The /3-galaetosidase activity in DNA-injected skeletal muscle. A. Cross-section of the muscle injected with PBS. 
(Original magnification 265 X). B. Cross-section of muscle injected with pCMV/3, (Original magnification 265X). C. Longitu- 
dinal section of muscle tissue injected with pCMV/?. (Original magnification 530X). Note the striations in the fast muscle fibers. 
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TAGTCTAAAG AAAGAAGGGA ATGCACAACA AACTCAAGGG GGGCAAAACA GTGACTGATG 
AATTAGACAA GAAAAAGAGA GCAAGGAGCG CTCAAGATTG TTTAGCTATT TTGGICACCA 
[CflGCTSl TTCC TTATGCCTGC CTTCCCAAAA AAAAACTGTC TTAAGCOTCA AATTTCTCTT 



CATGAGGGTC CAACATCAAC CACTCAGAGG 
GAAAAAGGGG TAATTACGTG CTTGTCCACA 



GCTGTAGTGT 
GGGCAGCTTC 



GCTGACCATC 



TAAAAACTGG 
CACCTCACAG 



TCACTGAAGT GACCGGGTGA GGTCATAGGT 
3 CTGAATATGG 



CGATOGGCAG 



AGAGAGAGAG -678 



-GG |CACTTG| AACC -61 8 



GAAAICTTAC AGCATCACTA TACTAGGAAA AGCATTAAAA 
ATTTGAAATA AGGGTTAAGA CACCAGAACG TCCTC |TTATA~ 



CCTATTTTCG 
TATCA| GCCAG 



AATATGAACA ACATAATCAT 
CACTGCAACC CTCCCCATCC 



CATTTCAAAT TGAGTTATGT 
CTTATTAGAC AACGCGAGAC 
AAGACTCCAA TAGCTATTTC 
TCCATCACTT TCCCCCIACC 



TGGCTCAAAA 
AACAAGTAAT 
GGAGTTGCGT 

GATTGTATGA 



ATCTCTGGAI 
CCTGCAAGA7 



E-box 

ATTAGGGCTG 
GGCGTGAACA 

CAGGATCTAT 
TGATCTGCTG 



TGAGCACTG" 
TCATAGTTTT 
outl 5' 



AAGCCAGTAT 1 

ctcagtg'gct acagctcatt -31 a 

AGCTCAAACA GTCCCTTACG TCCCCATGTC -258 

CTGCCATCAG TATCAGATTC ATCCCATTCC -193 

AAGATGATAG TACATCCCAG CCGGTGTCCC -138 

TCCTCTTTCT CTCTCGGTCT GCTATTTCCC -78 



AAACCTCACT TAAGGTTGGG TjCTATAATTi' G 
MEF-2 



GACACTACGC GGCTTCAGAC TTCTCTTCTT GATCTTCTTA GACTTCACAC 4 
3' GAA CTAGAAGAAT CTGflAGTGTG 5' 
M2 primer 



FIG. 4. The complete sequence 
of the proximal 1044-bp promoter 
region of the MLC2f gene. Two 
types of muscle cis elements, E- 
box (CANNTG), and MEF2-bind- 
ing site [(C/T)TA(T/A) 4 TA(A/G)j, 
are shown in boxes. The TATA box 
and transcription start site +1 are 
shown in boldface. Both the 5' 
linker DNA sequence and the 
downstream M2 primer are indi- 
cated, and the remaining half 
EcoKW site, ATC, immediately fol- 
lowing the linker DNA is shown in 
italics. Diamonds indicate the first 
nucleotide of each of the 5 ' unidi- 
rectional deletion constructs. The 
sequences of the two outward PCR 
primers, outl and out2, are also in- 
dicated, and the extra sequence s for 
BamKl sites are shown in bold. 



formed posterior somites. In the late stages of embryos, myoD 
is also expressed in the fin bud and eye and jaw muscles (Wein- 
berg et al, 1996). Similarly, MLC2f mRNA can also be de- 
tected in these cells. Therefore, the MLC2f gene is likely a di- 
rect regulatory target of myogenic bHLH transcription factors 
such as MyoD and myogenin. Consistent with this view, the 
isolated MLC2f promoter contains several E-box sequences 
(CANNTG), which are the binding sites for myogenic bHLH 
factors, in the 1 kb of the proximal promoter region. Because 
M LC 2 f is expressed only in well-formed somites when muscle 
cells are differentiated, it can be used as a differentiation marker 
for fast skeletal muscle. 

MLC2 promoter and MEF2-binding site 

Thus far, muscle gene promoters have been characterized 
only in several species of higher vertebrates (Henderson et al, 
1989; Horlick and Benfield, 1989; Gustafson and Kedes, 1989; 
Kuisk et al, 1996), but not in fish. Generally, the cis elements 
for muscle-specific transcription are located within a few hun- 
dred basepairs of the proximal promoter region (Arnold et al, 



1988; Lee et al, 1994; Catala et al, 1995). Some muscle-spe- 
cific enhancers can be found further upstream beyond 1 kb 
(Horlick and Benfield, 1989; Asakura et al, 1993). In the pre- 
sent study, by a series of deletion analyses, we found that a 79- 
bp proximal promoter region from the zebrafish MLC2f gene 
is sufficient to support a high level of expression in muscle 
cells. This observation may not be surprising, as previously, 
Braun et al (1989) reported that 69 bp of 5' flanking region 
from the chicken cardiac MLC2A gene is sufficient to allow 
muscle-specific transcription. In our study, the — 79-bp pro- 
moter produced the same level of CAT activity as a 3-kb pro- 
moter, suggesting that there is no other major enhancer se- 
quence within the 3-kb region upstream of the RNA start site. 
However, it cannot be ruled out that some enhancers are lo- 
cated beyond the 3-kb region or in a downstream intron. 

Further analysis of the 79 bp of the promoter region indi- 
cated the presence of a perfect MEF2-binding site. Deletion of 
this site from the 79-bp promoter caused a dramatic decrease 
of promoter activity in muscle cells, indicating the important 
role of the MEF2-binding site in maintaining MLC2f gene ex- 
pression. Although the deleted MEF2 site appears to be essen- 
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FIG. 5. The CAT activity in skeletal muscle after injection 
of various CAT constructs. A. Time course of pBLCAT2 ex- 
pression. Fishes were injected with 2 fig of pBLCAT2, and 
CAT assays were carried out at indicated days (> 5 at each 
timepoint). The CAT activity at 5 days postinjection is set ar- 
bitrarily to 100%. B. Dosage-dependent expression of 
pBLCAT2. Fishes were injected with various amounts of 
pBLCAT2, and CAT assays were carried out 5 days postinjec- 
tion (N >: 5 for each assay). The CAT activity in fishes injected 
with 2 pg of DNA is set arbitrarily to 100%. hi both panels, 
the standard errors are indicated by T bars. 



tiai to activate the MLC2fgene in muscle cells, it is unlikely to 
be the only cis element for muscle specific transcription. Con- 
sistent with this idea, deletion of the same MEF2 -binding site 
from a 1-kb promoter construct resulted in no apparent loss of 
promoter activity, indicating the presence of other functional 
cis element(s) for transcription in muscle cells. It is worth not- 
ing that there are two other potential MEF2 sites present in the 
1-kb upstream region, and these upstream sites may compen- 
sate for the effect of deletion of the proximal MEF2 site. Ac- 
quisition of more than one muscle-specific element in the same 
gene promoter has obvious advantages; for example, any spon- 
taneous mutation of one of these cis elements will not have a 
detrimental effect. 

MEF2 is capable of binding to an A/T-rich sequence required 
for the activation of many cardiac and skeletal muscle-specific 
promoteis/enhan cers and is a key regulator for both the cardiac 
and skeletal muscle lineages (Gossett et al., 1989; Cserjesi and 
Olson, 1991). It is also a regulator of the myogenic bHLH genes 
(Edmondson et al., 1992). Several zebrafish MEF2 genes have 
been recently cloned, and they are expressed in the early stages 
of somitogenesis and myocardial cell differentiation (Ticho et 
al, 1996). Usually, MEF2 functions in conjunction with myo- 
genic bHLH factors (for reviews, see Firulli and Olson, 1997; 
Shore and Sharrocks, 1995). Therefore, it is frequently noted 
that some E-box sequences are found near the MEF2-binding 
site (Schwarz et al., 1993). However, in the present study, it 
seemed that a single MEF2 site was sufficient to activate the 
MLC2f promoter in muscle cells. Although there are two im- 
perfect E-boxes, -71 CACTTA and -46 CAAGGG, in the 79 
bp of proximal promoter region, whether these imperfect E- 
boxes play any role in muscle-specific transcription remains un- 
known. 




FIG. 6. Functional analysis of MLC2/promoters by direct injection into skeletal muscle. A.Expression of MLC2/promoter/CAT 
constructs. Fishes were injected with -2.4sPRL/CAT, pBLCAT2, pMLC2fl/CAT, pMLC2f2/CAT, and P MLC2f3/CAT, which 
have been simplified as PRL, CAT2, MLC2fl, MLC2f2, and MLC2f3, respectively, in the figure. The CAT activity of pBLCAT2 
is set arbitrarily to 100%. B. Mapping of muscle cis elements in MLC2f promoter. Fishes were injected with successively 5'- 
truncated MLC2/promoter/CAT constructs. The two important muscle-specific elements, E-box and MEF2-binding site, are in- 
dicated as thin and thick bars, respectively. The CAT activity of the undeleted construct <pMLC2f-1044CAT) is set arbitrarily to 
100%. C. Test of internal deletion of the proximal MEF2-binding site. Fishes were injected with pMLC79AMEF2-CAT (MEF2 
deleted), pMLC79-CAT, pMLC1005AMEF2-CAT (MEF2 deleted), and pMLC1005-CAT, which have been simplified as d79bp, 
79bp, dl005bp, and 1005bp, respectively, in the figure. The CAT activity of pMLC2f-79CAT (79bp) is set arbitrarily to 100%. 
For each CAT assay, at least eight fishes were used for injection of the same DNA construct. In all cases, standard errors are in- 
dicated by T bars. 
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A valid promoter analysis approach by direct injection 
of DNA into skeletal muscle 

There are two basic approaches using promoter/reporter gene 
constructs to analyze promoter activity. One is totransfect DNA 
constructs in vitro into cultured cells, and the other is a trans- 
genic approach in which DNA is introduced into fertilized eggs. 
In zebrafish, very few eel! lines are available, and there is no 
muscle cell line. The transgenic approach is tedious and some- 
times unreliable in fish because of mosaic segregation of the 
transgene in early embryos (for review, see Gong and Hew, 
1995). Therefore, direct injection of DNA into skeletal muscle 
is a convenient approach to characterize muscle-gene promot- 
ers. Our work demonstrated the feasibility and validity ol" this 
approach, as evident from the fact that the promoter from the 
MLC2f gene produced a high level of reporter gene activity, 
whereas a non-muscle-gene promoter was basically inactive 
(see Fig. 6A). By deletion analyses, we have identified a sin- 
gle MEF2-bindmg site which is essential for MlC2f gene tran- 
scription in muscle cells. 

Compared with the in vitro system, direct injection into mus- 
cle has several advantages. First, zebrafish are in large supply, 
whereas cultured zebrafish cells are not readily available. Sec- 
ond, the injected fish are easily and conveniently maintained 
compared with the stringent and aseptic conditions required for 
cell culture, where contamination could be a major problem. 
Third, injection of zebrafish gene promoter constructs into ze- 
brafish muscle provides a homologous in vivo system to ana- 
lyze muscle-specific genes, and the information obtained would 
be more reliable than that from the studies performed in a het- 
erologous system. This work represents the first report of the 
use of the direct muscle injection approach to analyze muscle- 
specific gene promoter in fish. 
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ARP PO Promoter / EcoRV digested fragment (2. lkb): 



5' TCTGAACAATGCTGTGGA(^AAG CTTCAATTc[\TCTCTATTAAGAA 
Linker DNA 

ACACTTAAAATATATATGCGTTACGAATTAAAAACAAAACACGAT 
CATTTTAATTTGTGTTGTATAATTTTACATITTGTAAGTATTATTTT 
TATAAAAATATATAGAAATAATACAAATTTGTTTACAGTATTCTTA 
GTTATTGCAATAAACGATTTATATAGAAGAGAAGAGTTTATATAG 

TAGTCATTA 

CCTCTATCCCTGTCTGTCTGCATCTCATGACTTGCAGGAC 

GCTGGTCTCAGACACGTTTATAGCAGTAAA1TCAAATACAATAGTG 
CTCTGATTATC'rnAAATATlTGAAAGCTTATAATAGGCAACCAAA 
TTACCTGGAAACAGTTTACAAACAGTAATTCATATTTTGTCATTTA 
ATAAGATGCACACAAGGYAGGTGTAAAAGTATTGCTTGTGTTTGT 
AATCCTCAGATTTTACAACCTTGTCTTTAAACCGGC TGTTCACCGA 
ARP2: 3' ACAAGTGGCT 

TCCTTGGAAGGGATCC 3' 
AGGAACCTTCCCTAGG 5' 



ARP PO Promoter / PstI digested fragment (457 bp): 

5' TCCTGAACAATGCTGTGGACAAGCTT 
Linker DNA 

GAATICGGGACAATGGCCCAACAGGATTGGTGACCCCTGCCTCAAG 
CCATCACAAATGCATTATGGTACTAAGAAATGTTGCAGGTTCAGTT 
ATGGACAGGCTGTTGCAGTNTTGTTCGTCGGTNCCCCCTGCACAAA 
TGAACATGATTCCTTCTATCCCTGACTTGCTGCATCTCATGACTTGC 
AGGGACGCTGGCTCAGACACGTTATAGCAGTAAATCAAATACAAT 
AGTGCTCTGATTATCTTAAATATTTGAAAGCTTATAATAAGCAACC 
AAATTACCTGGAAACAGTTTACAAGCAGTAATTCATATTTTGTCAT 
TTAATAAGATGCACACAAGGCAGGTGTAAAAGTATTGCTTGTGTTT 
GTAATCCTCAGATTTTACAACCTTGTCTTTAAACCGGCTGTTCACCG 
ARP2: 3' ACAAGTGGC 

ATCCTTGGAAGGGATCC 3' 
TAGGAACCTTCCCTAGG 5' 
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AGAAAUACTT -AAAftTATATA 


TGCGTTACGA 


ATTAAAAACA 


AAACACGATC 


£fc*Rl 70 


80 90 


100 


110 


120 


ATTTTAATTT 


GTGTTGTATA ATTTTACATT 


TTGTAAGTAT 


TATTTTTATA 


AAAAATATAT 


130 


140 150 


160 


170 


180 


AGAAATAATA 


CAAATTTGTT TACAGTATTC 


TTAGTTATTG 


CAATAAACGA 


ATTTTATATA 


190 


200 210 


220 


230 


240 


GAAAGAGAAA 


GAGTTTTATT ATAAGATGTT 


CAATTTAAAA 


AATGGCAGAA 


AATAGAAAAA 


250 


260 270 


280 


290 


300 


TGATTGTCAA 


GATGATAAAA GTCAGTTTAG 


ACAAAAAAAT 


AAGATGAAAA 


ACATGAAAAT 


310 


320 330 


340 


350 


360 


AGATAATAAA 


GTGACTTTTT TGGGCGGACC 


AAATTTCCCT 


ATTAATGGTC 


AATTCATTAA 


370 


380 390 


400 


410 


420 


AATACATTCA 


TTAAAATAAA GGTATTGCGA 


TGAATTTAGA 


TGCACAGTGA 


TTTTGGTTCT 


430 


440 450 


460 


470 


480 


GTGCAGArTT 


TTGGCTGTTG TTAGAAGGGA 


TACATCTGCG 


GCCGAAAGTT 


AACGGGAACT 


490 


500 510 


520 


530 


540 


ATTTACATTC 


TTTGCTATTA AATTATCCAT 


TATTTGTATT 


TTATTACCCC 


AACCGTAAAC 


550 


560 570 


580 


590 


600 


TCAACCCTCA 


CAGTAATGTA AAAATATTAT 


TTATTGTTTT 


ATAGCGTCAC 


AGAATGATGC 


610 


620 630 


640 


650 


660 


TATATTGACC 


GCAGCTGTAT CCTTTCTAAG 


TGCGACTGTA 


CAAATACGCA 


CTGACCGTGA 


670 


680 690 


700 


710 


720 


CAGACACGTG 


CATTGACCAA TCAGCGCACA 


GATACGCATT 


TTCCGCGCGA 


TTCTGATTGG 


730 


740 750 


760 


770 


780 


ATGATCGACT 


GATACTAATA TTGTGCCGCT 


TCCTTTCGCG 


GCCTCTTTCT 


TTCACG^GTC 


790 


800 810 


820 


830 


840 


CCTACCGTGA 


jjgtaaggctg acgccgctct 


tgtggcggtt 


tcttaaaatg 


tgttaataaa 


fitims fifoffr 860 870 


880 


890 


900 


taacatcata 


agaggtcacg agaaggtcta 


cgtgtgttta 


atatcagcgg 


cggttattat 


910 


920 930 


940 


950 


960 


tatgcgttta 


aagcttgtgt aatgattttt 


acagtaaaag 


ttagcactag 


cctgttagca 


970 


980 990 


1000 


1010 


1020 


caggcctcgt 


gcgccatgtg tgacgcgacg 


ttttaatagc 


atcttatttg 


attttgatga 


1030 


1040 1050 


1060 


1070 


1080 


tccgattctg 


atattaatca tatttatgcg 


taaaatgtgt 


gatgggtctg 


ctagtggaca 


1090 


1100 1110 


1120 


1130 


1140 


ttacatgcta 


gtacttgtgc tagtcggtcg 


atccacattg 


agatgttgcg 


ctatttgcca 


1150 


1160 1170 


1180 


1190 


1200 


ttttaaaacc 


agttactctc attttagtga 


aatattctta 


agccactaag 


ttaaaatttg 


1210 


1220 1230 


1240 


1250 


1260 


tcaatcacat 


ataattgtgt ttatgtttta 


tttgagtcat 


cataccaggt 


aatagtttta 


1270 


1280 1290 


1300 


1310 


1320 


tttatattag 


tatgtacaat ttggcataaa 


ctgccttcgg 


ttttgattga 


catctacttt 


1330 


1340 1350 


1360 


1370 


1380 


gtaaagttaa 


tcttaaaggg gtaaaggctc 


acccaaaaga 


caattcaccg 


tcaagtgttt 


1390 


1400 1410 


1420 


1430 


1440 


tcaaatctta 


tgagtttctt aatgaacatg 


gtatgttttg 


gagaaaactg 


gaaaccaact 


1450 


1460 1470 


1480 


1490 


1500 


accataatac 


aaatacagga aaaatatact 


atagaagtcg 


atggttacag 


gttttctgca 


1510 


1520 1530 


1540 


1550 


1560 


ttcaaaatat 


ctacacaagt gtttaatgga 


aggaactcaa 


gtgatttgaa 


aagttaaggg 


1570 


1580 1590 


1600 


1610 


1620 


tgcataaatc 


agttttcatt tgggtgagct 


gtctctaaac 


atttgattta 


gacacctcag 


1630 


1640 1650 


1660 


1670 


1680 


gcagtggtca 


ccaagcttgt tcctgaaggg 


ccagtgtcct 


acagatttta 


gctccaaccc 



- 1 - 



Lddi-caaaca 


cacccgaaca 


agctaatcaa 


ggtcttacta 


ggtatgtttg 


aaacatccag 


1750 


1760 


■ 1770 


1780 


1790 


1800 


gcaggtgtgt 


tgatgcaaga 


tagagctaaa 


ccctgcaggg 


acaatggccc 


aacaggattg 


1810 


1820 


1830 


. 1840 


1850 


1860 


gtgacccctg 


cctcaagcca 


tcacaaatgc 


attatggtat 


taagaaatgt 


gcaggttcag 


1870 


1880 


1890 


1900 


1910 


1920 


ttatggacag 


gctgttgcag 


tgcttgttcg 


tcgttcccac 


tgcacaaatg 


aacatgattc 


1930 


1940 


1950 


1960 


1970 


1980 


cttctatccc 


tgtctgtctg 


catctcatga 


cttgcaggga 


cgctggtctc 


agacacgttt 


1990 


2000 


2010 


2020 


2030 


2040 


atagcagtaa 


atcaaataca 


atagtgctct 


gattatcttt 


aaatatttga 


aagcttataa 


2050 


2060 


2070 


2080 


2090 


2100 


taggcaacca 


aattacctgg 


aaacagttta 


caaacagtaa 


ttcatatttt 


gtcatttaat 


2110 


2120 


2130 


2140 


2150 


2160 


aagatgcaca 


caaggcaggt 


gtaaaagtat 


tgcttgtgtt 


tgtaatcctc 


agATTTTACA 


2170 


2180 


2190 


2200 


2210 


2220 


ACCTTGTCTT 


TAAACCGGCX 


GTTCACCGAT 


CCTTGGAAGG 


GATCC • 





, 10 ^' 36 45 54 

5' CGC tj;GT CCC TAC CGT GAG ATT TTA CAA CCT TGT CTT TAA ACC GGC TGT TCA CCG 

RRPYREILQPCL*TGC.SP 
AVPTVRFYNLVFKPAVHR 
P . SIP *DFTTLSLNRLFTD 



ATC CTT GGA AGC ACT GCA AAG ATG CCC AGG GAA GAC AGG GCC ACG TGG AAG TCC 

I 1 G S T A K 
SLEALQRCPG K _ T G P R G S P 
PWKHCKDAQGRQGHVEVQ 

117 126 135 144 153 162 

AAC TAT TTT CTG AAA ATC ATC CAA CTG CTG GAT GAC TTC CCC AAG TGT TTC ATC 

T IF*K SSNCWMTSPSV S "V 
L PSENHPTAG*LPQ VFHR 

171 18 ° 189 198 207 216 

GTG GGC GCA GAC AAT GTC GGC TCC AAG CAG ATG CAG ACC ATC CGT CTG TCC CTG 

$mUG-^W& : '^:i {',:Q '■: tS'-'-'^Mvh 'Qr ; v ^y-: / , : ; :R- i .,fc:,.,,,S..,, i .....L... 

WAQTMSAPSRCRPS ' V ' " " C "*"' F 
GRRQCRIQADADHPSVPA 

225 234 243 252 261 270 

CGG GGC AAG GCC GTC GTG CTC ATG GGG AAA AAC ACC ATG ATG AGG AAG GCC ATT 

GARPSCSWGKTP** G R P F 
G QGRRAHGEKHHDEEGHS 

279 288 297 306 315 324 

CGT GGC CAC CTG GAA AAC AAC CCA GCT CTG GAG AGG CTG CTT CCC CAC ATC CGC 

VATWKTTQIWR G <Z F "^f^ ' ; A 
W PPGKQPSSGEA AS P HPR 

333 342 '351 360 369 378 

GGG AAC GTG GGC TTC GTC TTC ACC AAG GAG GAT CTG ACT GAG GTC CGA GAC CTG 



0BM ^ ■ . - si: 7AV&Am rm:¥m.i m~ D ; ; L . y T : ■ r E . V R p. , - -L, 

GTWASSSPRRI *L RS E T "c 
B RG L RLHQ GGSD*GPRPA 



819 828 837 846 855 864 

ATG GAT ACA AGA GGG TCC TGG CTG TCA CTG TCG AAA CAG ACT ACA CAT TCC CCT 



MDTRGSWLSLSKQTTHSP 
WIQEGPGCHCRNRLHI PI 
G Y K R V L A V T V E T D Y T F P L 

873 882 891 900 909 918 

TGG CTG AGA AGG TGA AGG CCT ACC TGG CTG ATC CCA CCG CTT TCG CTG TTG CAG 



E ' : K V K A Y L A D ? : ..Tc, r A, ;.;- F: jvA. V A A . 

927 936 945 954 963 972 

CCC CTG TTG CGG CAG CTA CAG AGC AGA AAT CCG CTG CTC CTG CGG CTA AAG AGG 

PLLRQLQSRNPILIRLKR 
PC CGSYRAEIR CSCG*RG 
J?- - V A A A T E Q ( K S A , A P A A K E E 

981 990 999 1008 1017 1026 

AGG CAC CCA AGG AGG ATC TGA GGA GTC TGA TGA AGA CAT GGG CTT CGG CCT GTT 



1035 1044 1053 1062 1071 1080 

TGA TTA AAC CAG ACA CCG AAT ATC CAT GTC TGT TTA ACA TCA ATA AAA CAT CTG 



tgmm. ' 



1089 1098 
GAA ACA AAA AAA AAA AAA AAA AA 3 ' 



E T K K K K K 
K Q K K K K K 
N K K K K K K 
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Data Collection 

File: 

Sample: 

Comnent: 

Lane Number: 

Channel Number: 

Number of Scans: 

No. of Channels: 

Length: 

Run started at: 
Run stopped at: 
Gel: 

Dyeset/Primer: 
Comb: 

■Instrument Name: 
Collect Vers.: 



35.A150 SK 
A150 SK 



194 



20/7/1998, 14:33 
20/7/1998, 23:34 
Gel File 

DT {BD Set Any-Primer} 
377 # 97042603 



Data Analysis 

Base Call Start: 

Base Call End: 

Primer Peak Loc. : 

Signal : 

Matrix Name: 

Channels Ave.: 

Basecaller: 

Basecaller Version: 

Base Spacing Used: 

Base Spacing Calculated: 



10616 

G (538), A (382), T (328), C (526) 
dRhodamine Matrix 

3 

ABI10O 
Version 3.0 
9.88 
9.88 



1 CCCCGGCTGC AGGAATTCGG TTTGAQCGCN 

61 TTAAACCGGC TGTTCACCGA TCCTTGGAAG 

121 CACGTGGAAG TCCAACTATT TTCTGAAAAT 

181 TTTCATCGTG GGCGCAGACA ATGTCGGCTC 

241 GCGGGGCAAG GCCGTCGTGC TCATGGGGAA 

301 CCACCTGGAA AACAACCCAG CTCTGGAGAG 

361 CTTCGTCTTC ACCAAGGAGG ATCTGACTGA 

421 GCCCGCTGCT GCCCGTGCTG GTGCCATCGC 

481 ACCGGGCTCG GTCCTGAGAA GACCTCTTTC 

541 TCCAGAGGAA CCATTGAAAT CTTGAGTGAC 

601 GGCGCCAGCG AGGCCACGCT GCTGAACATG 

661 TCATOCAGCA GGTGTATGAT AACNGCAGTG 

721 GAGGACGCCC TTGACAAGAA GTTNCTTGGA 

781 TGCAAATCGG TTACCCAACT TTTGNTTTCA 

841 AAGGGCCTGG GTTGNACTTG NCNAAACAGA 

901 NAAGGCCTAC CTGGTTGATC CCCCCCGTTT 

961 CCNNANCNNA AAATCCNNTN GTTNNNNGGG 

1021 TTTNNGGGNN NTTOTTAAAA AAATGGGCTT 

1081 TCCTTTTGN 



TTCCTACCGT GAGATTTTAC AACCTTGTCT 60 

CACTGCAAAG ATGCCCAGGG AAGACAGGGC 120 

CATCCAACTG CTGGATGACT TCCCCAAGTG 180 

CAAGCAGATG CAGACCATCC GTCTGTCCCT 240 

AAACACCATG ATGAGGAAGG CCATTCGTGG 300 

GCTGCTTCCC CACATCCGCG GGAACGTGGG 360 

GGTCCGAGAC CTGCTGCTGG CAAACAAAGT 420 

CCCCTGTGAG GTGACTGTGC CGGCCAGAAC 480 

TTCCAGGCTT TGGGAATCAC CACCAAGATC 540 

GTTCAGCTTA TCAAACCTGG AGACAAGGTG 600 

CTGAACATCT NGCCCTTCTT CTACGGCTGA 660 

TCTACAGNCC CGANGTGCTG GACATNACTT 720 

GGTGTGAGGA ACATTCGCCA GTGTGNGTCT 780 

TTCCTTAAAC TTTTNNTNAA TGGATOCCAN 840 

NTTCACATTT CCCTTTGGGT NTAAAAAGGT 900 

TTNNTTTTGN AACCCCTTTT NNGGGNANTT 960 

GNTTAAAAAG GGGGGCCCCC NNGGGGGAAA 1020 

NGGCCNNT7N NNTNAACCCN NNCCCCNATT 1080 
1140 



AQlJI Version 3.0 
DOICTJT ABI10 ° A150SK 
rKltflVI Version 3.0 Lane 35 



DT {BD Set Any-Primer} Mon, Jul 20, 1 998 1 1 :41 PM 

dRhodamine Matrix Mon, Jul 20, 1 998 2:33 PM 

Points 883 to 1 061 6 Base 1 : 883 Spacing: 9.88{9.88} 



TCCAGGCTTTGGGAATCA CCACCAAGATCTCCAGAGGAACCATTGAA ATCTTGA GTGACGTTCAGCTTATCAAAC CTGGAGACAAGGTGG 
520 530 540 550 560 570 580 590 



I GCCAGCGAGGCCACGCTGCTGAACA/tGCTGAACA TCTrk.CCCTTCTTCTAC G G C TGATCA TNC AGCAGG TGTA TGA TA A CNGCA GT G 
610 620 '630 64ji\ ' 650 660 /& 670 680 ^ 6S 



TCTACAGt^CCGANGTGCTGGACATIIACTTGAGGACGCCC'R'SkCAAGAAG TfflCTTCGAGGTGTGAGGAACA TTCGCCAGTGTGNGTCTTGt 
10 ^700 710 & 720 73&C-] 740 750 760 770 ; 



CA AATC GGTTACCCAACTTTTGNTTTCATT (CTTAMCTTTTNNTNAATGGATNCCANAAGGGCCTGGGTTGNACTTGNCNAAACAGANTTCAI 
790 800 810 820 830 840 850 860 870 



CA TTT C CCTTTCGG TNTA AA AAGGTNA AG GC CTACCTG G TTGATC C (EC CCGTTTTThW TTTTGN A AC CCCTTTTWtGG GNA NTTCC MJANCNNAA/ 
880 890 900 910 920 930 940 950 960 



&ATC CtNTNGTTWINNG G9SKTTAAAAA G GG GGGCCCCCNNGGGGGAAATTlNNGGGNhWTTritrTAAAAAAA TGGGCTTNGGCCNMnNNMTNAAdC 
980 990 1000 1010 1020 1030 1040 1050 1060 18 



Data Collection 
File: 
Sample: 
Comment: 
Lane Number: 
Channel Number: 
Number of Scans: 
No. of Channels: 
Length : 

Run started at: 
Run stopped at: 
Gel: 

Dyeset/Primer: 
Comb: 

Instrument Name: 
Collect Vers.: 



04«A150T7 
A150T7 



27 



10616 

194 

1031 

20/7/1998, 14:33 
20/7/1998, 23:34 
Gel File 

DT {BD Set Any-Primer} 

377 # 97042603 
2.1 



Data Analysis 

Base Call Start: 

Base Call End: 

Primer Peak Loc: 

Signal: 

Matrix Name: 

Channels Ave.: 

Basecaller: 

Basecaller Version: 

Base Spacing Used: 

Base Spacing Calculated: 



1044 
10616 

G (373), A (239), j (218), C (307) 
dRhodamine Matrix 

3 

ABI100 
Version 3.0 
9.90 
9.90 



1 GCGANTTGNG TACCGGGCCC CCCCTCGAGf 1 1 1 1 1 1 1 1 1 1 Mllltl GTT TCCAGATGTT 60 

61 TTATT6ATGT TAAACAGACA TGGATATTCG GTGTCTGGTT TAATCAAACA GGCCGAAGCC 120 

121 CATGTCTFCA TCAGACTCCT CAGATCCTCC TTGGGTGCCT CCTCTTTAGC CGCAGGAGCA 180 

181 GCGGATTTCT GCTCTGTAGC TGCCGCAACA GGGGCTGCAA CAGCGAAAGC GGTGGGATCA 240 

241 GCCAGGTAGG CCTTCACCTT CTCAGCCAAG GGGAATGTGT AGTCTGTTTC GACAGTGACA 300 

301 GCCAGGACCC TCTTGTATCC ATTGATGATA GTGTGAGGGA TGGAAGCAAG AGTTGGGTAG 360 

361 CCGATCTGCA GACACACACT GGCGATGTTC CTACACCCTT CAGGAACCTN TTGTGCAGGG 420 

421 CGTCCTCAGT GATGTCCAGC ACCTCGGGGC TGTAGACACT GCCGTTATCA TACACCTGCT 480 

481 GGATGATCAA GCCCGTAGGA GAAGGGCGAG ATGTTCAGCA TGTTCAGCAA CCGTGGCCTC 540 

541 GCTTGGCGCC CACCTTGCTC CAGGTTTGAT AACTGAACGT ACTCAAGATT TCAATGGTTC 600 

601 CTCTGGANAT CTTGGNGGNG ATTCCCAAAG CCTGGAANAA AAAGG7NTTT TNAGGACCGA 660 

661 CCCCGGGGTT TTGGGCCGGC CAANTNACTT NACAGGGGGC AATGGCCCAN CCCGGGCANN 720 

721 ANNGGGCNCT TTGTTTGCCA NCANNAGNNT TNGGNCCTAA NNNAAANCCT CTTGGGGAAA 780 

781 ACAAANCCCC NTTTCCCNGG NTTNTGGGAA ANNACCCTTT CCAAANTGGG TNNNTTTCCA 840 

841 GGGGGCNCNA ANGGCCTTCN NAAAAANGGG GGTTTTCCCC TNNAACCCAA NGGNTTTCCC 900 

901 CCNNGGGACN ANCNGNNGGG NNNNANTTON TTNGNNCCCA NTTTTTNGNC CCCNNNNAAA 960 

961 CCTTNGGGAA NNNTCCCCCN NNGGGNNNTT TNNAAAAAAN NGGGNNTTNC NNGGGNCCNN 1020 

1021 TTTNCNGGGG G 1080 




AGC CGCA GGAGCAGC GGATTTCT GCTCTGTA GCTGCC GCA ACAGGGGCTGCAACA GCGA AAGCG GTGGGATCA GC CAGGTAGGC 
170 180 190 200 210 220 230 240 25C 




ICTTCACCTTCTCAGCCAAGGGGAATGTGTA GTCTGTTTCGACA GTGACAGC CAGGACCCTCTTGTATCCATTGATGATA GTGTGA 
260 270 280 290 380 310 320 330 




GGGATG GAA GCAAGA GTTGGGTA GC C GA TCTGCA GACACAC ACTGGC GA TGTTCCT A CAC CCTTCA GGAAC cMTGTGC AG GGC ( 
340 350 360 370 380 390 400 410 420 




iTCCTffl GTGATGTCCAGCACCTCGGGGCTGTAGACACTGCCGTTATCATACAC CTGCTGGATGATCAAGCCCGTAGGA GAAGGGCGAGA' 
430 440 450 460 470 480 490 500 510 




ADliP Version 3.0 
oniciur ABI10 ° A150T7 

rKKMVI Version 3.p Lane 4 



U^ 1 I DT{BDSetAny-Primer) Mon, Jul 20, 1998 11:40 PM 

dRhodamine Matrix Mon, Jul 20, 1 998 2:33 PM 

t*-* Points 1044 to 10616 Base 1: 1044 Spacing: 9.89(9.89) 



TGTTCA GCAT GTTCA GCaACCGTG G CCTC GCTTGGC GC CCA CCTTGC TCCA GGTTTGATA A C TGAACGT A CT C AA GATTTCAATGGTTC 
520 5^0 540 550 560 570 580 590 60 



CTCTGGANATCTTGGNGGNGATTCCCAAAGCCTGGAANAAA AAGGTWRTNAGGA CCG ACCCCGGGGTTTTGGGCCGG CCAANTNACTT 
0 610 620 630 640 650 660 670 680 6S 



rNACAGGGGGCAATGG CCCA NC CCGGGCANNAN NGGGCNCTTTGTTTGCCANCANNAGNNTTUGGNC CTAANNNAAANCCTC TTGGGGA 
700 710 720 730 740 750 760 770 



AA ACAAAN CCCCNTTTCCCN GGNTTNT GGGAAANNA CCCTTTCCAAANT GGGTNNNTTTCCA GGGGG CNCNAA N GGCCTTC NN AAAAA 
780 790 800 810 820 830 840 850 860 



NGGGGGTTTTCCCCTNNAACCCAANGGNTTTC CCCCNNGGGACNANCNGNNGGGN WNANTTNNTTNGN NCCCANTTTTTN GNC CCC 
870 880 890 900 910 920 930 940 950 



NNNN AAACCTTNGGGAANKNTCCCCCNNNGGGNNNTTTNNAAAAAANKGGGNNTTNCNNGGGN CCN WTTTNCNGGGGG 
960 970 980 990 1000 1010 1020 1030 



Data Collection 
File: 
Sample: 
Comment: 
Lane Number: 
Channel Number: 
Number of Scans: 
No. of Channels: 
Length : 

Run started at: 
Run stopped at: 
Gel: 

Dyeset/Primer: 
Comb: 

Instrument Name: 
Collect Vers. : 



06«PARPm2 
PARPm2 



37 

10620 

194 

1057 

8/9/1998, 15:34 
9/9/1998, 00:35 
Gel Ftle 

DT {BD Set Any-Primer} 

377 # 97042603 
2.1 



Data Analysis 

Base Call Start: 

Base Call End: 

Primer Peak Loc: 

Signal: 

Matrix Name: 

Channels Ave.: 

Basecaller: 

Basecaller Version: 

Base Spacing Used: 

Base Spacing Calculated: 



894 

10620 

894 

G (295), A (364), T (336), C (307) 
dRhodamine Matrix 

3 

ABI100 
Version 3.0 
9.67 
9.67 



1 CTTTGAATNC CCTTCTCGTG ACCTCTTATG 

61 GCCACAAGAG CGGCGTCAGC CTTACCTCAC 

121 AAAGGAAGCG GCACAATATT AGTATCAGTC 

181 CGTATCTGTG CGCTGATTGG TCAATGCACG 

241 GTCGCACTTA GAAAGGATAC AGCTGCGGTC 

301 CAATAAATAA TATTTTTACA TTACTGTGAG 

361 CAAATAATGG ATAATTTAAT AGCAAAGAAT 

421 GATGTATCCC TTCTAACAAC AGCCAAAAAT 

481 AATTCATCGC AATACCTTTA TTTTAATGAA 

541 AAATTTGGTC CGCCAAAAAA GTCACTTTAT 

601 TTTGTCTAAA CTGACTTTTA TCATCTTGAC 

661 AATTGAACAT CTTATAATAA AACTCTTTCT 

721 ACTAAGAATA CTGTAAACAA ATTTGNATTA 

781 ACCAAATGTA AAATTNTCCA CACAAATTAA 

841 CATATATATT TTAAGGGTTC TTAATACNGA 

901 ANCCNTATGC TAGTNGAANC CTTTAAAGTC 

961 GGGGGGNGNN TTAAAACTTG GGGNAAANNA 

1021 NTNNCCNNNC CAAATTCCCC CAAANTTNNG 



ATGTTATTTA TTAACACATT TTAAGAAACC 60 

GGTAGGGACG CGTGAAAGAA AGAGGCCGCG 120 

GATCATCCAA TCAGAATCGC GCGGAAAATG 180 

TGTCTGTCAC GGTCAGTGCG TATTTGTACA 240 

AATATAGCAT CATTCTGTGA CGCTATAAAA 300 

GGTTGAGTTT ACGGTTGGGG TAATAAAATA 360 

GTAAATAGTT CCCGTTAACT TTCGGCCGCA 420 

CTGCACAGAA CCAAAATCAC TGTGCATCTA 480 

TGTATTTTAA TGAATTGACC ATTAATAGGG 540 

TATCTATTTT GATGTTTTTC ATCTTATTTT 600 

AATCATTTTT CTATTTTCTG CCATTTTTTA 660 

CTTTCTATAT AAAATTCGTT TATTGCAATA 720 

TTTCTATATA TTTTTATAAA AATAATACTT 780 

AATGATCGGG TTTGGTTTTA ATTCGTAACG 840 

TGAATTCAAC TTGTTCCCAG CATTGGTCAN 900 

GACCTGGAGG CTTGCAACTT TTCCCTTTAA 960 

NGGNAAAANN GGNTCCCCGG GGNGAAAANT 1020 

NCGGGGG 1080 



ARI 0~~ Version 3.0 
DDIClTfl™ AB,10 ° PARPm2 
rKR»IVl Version 3.0 Lane 6 



DT {BD Set Any-Primer} Wed, Sep 9, 1 99B 9:1 3 AM 

dRhodamine Matrix Tue, Sep 8, 1998 3:34 PM 

Points 894 to 1 0620 Base 1 : 894 Spacing: 9.66{9.66} 



TATCCCTTCTAACAACAGC CAAAAATCTGCACAGAACCAAAATCACTGTGCATCTAAATTCATC GCAATAC CTTTATTTTAATGA ATGTAT" 
430 440 450 460 470 480 490 500 510 



TnAATGAAnGACCATTAATAGGG4AATTTGCTCCGCCAAAM^ 

520 530 540 550 560 570 580 590 600 



AAACTGACTTTTATCATCTTGACAATttTTTTTCTATTTTCTGC 
610 6Z0 630 640 650 660 670 680 690 



iTAAAATTCGTTTATTGCAA TAAC TA AGAATACTGTAAACAA A TTTGnATTATTTCTA TATAT TTTTATAAA AA TAATACTTA CCA A ATGTJ 
'00 710 720 730 740 750 760 770 780 7< 



ftAAATTN TCCACACAAATTAAAATGATC GGGTTTGGTTTTAATTCGTAACGCATATATATTTTAAGGGTTCTTAATACn GATG AA TIC A 
90 800 810 820 830 840 850 860 870 



Data Collection 
File: 
Sample: 
Comment : 
Lane Number: 
Channel Number: 
Number of Scans: 
No. of Channels: 
Length: 

Run started at: 
Run stopped at: 
Gel: 

Dyeset/Primer : 
Comb: 

Instrument Name: 
Collect Vers. : 



14«ARPm 
ARPra 



71 

10624 

194 

1083 

29/8/1998, 15:54 
30/8/1998, 00:55 
Gel File 

DT {BD Set Any-Primer} 

377 # 97042603 
2.1 



Data Analysis 

Base Call Start: 

Base Call End: 

Primer Peak Loc. : 

Signal: 

Matrix Name: 

Channels Ave.: 

Basecaller: 

Basecaller Version: 

Base Spacing Used: 

Base Spacing Calculated: 



938 

10624 

938 

G (361), A (349), T (375), C (273) 
dRhodamine Matrix 

3 

ABI100 
Version 3.0 
9.49 
9.49 



1 NTGGAAANCC CTTTGGGAAA NTTCCCNGNN 

61 TAAAATGTGT TAATAAATAA CATCATAAGA 

121 TCAGCGGCGG TTNTTATTAT GCGTTTAAAG 

181 GCACTAGCCT GTTAGCACAG GCCTCGTGCG 

241 TTATTTGATT 7TGATGATCC GATTCTGATA 

301 GGGTCTGCTA GTGGACATTA CATGCTAGTA 

361 TGTTGCGCTA TTTGCCATTT TAAAACCAGT 

421 CACTAAGTTA AAATTTGTCA ATCACATATA 

481 ACCAGGTAAT AGTTTTATTT ATATTAGTAT 

541 TGATTGACAT CTACTTTGTA AAGTTAATCT 

601 TTCACCGTCA AGTGTTTTCA AATCTTATGA 

661 AAAACTGGAA ACCAACTACC ATAATACAAA 

721 GTTACAGGTT TTCTGCATTC AAAATATCTA 

781 TTTGAAAAGG TAAGGGTGCA TAAATCAGTT 

841 GANTTTAGAC ACCTTAAGGC CATGGGCANC 

901 TACAGATTTA ACTTCCANCC TAATTAACCC 

961 GNTTGGTTGG AACATCCNGC NGGTGTGTTN 

1021 GGGCCACCNG GATTGGGGAC CCTGCCTTAA 

1081 GCC 



CGGTTTGACG CCGCTCTTGT GGCGGTTTCT 60 

GGTCACGAGA AGGTCTACGT GTGTTTAATA 120 

CTTGTGTAAT GATTTTTACA GTAAAAGTTA 180 

CCATGTGTGA CGCGACGTTT TAATAGCATC 240 

TTAATCATAT TTATGCGTAA AATGTGTGAT 300 

CTTGTGCTAG TCGGTCGATC CACATTGAGA 360 

TACTCTCATT TTAGTGAAAT ATTCTTAAGC 420 

ATTGTGTTTA TGTTTTATTT GAGTCATCAT 480 

GTACAATTTG GCATAAACTG CCTTCGGTTT 540 

TAAAGGGGTA AAGGCTCACC CAAAAGACAA 600 

GTTTCTTAAT GAACATGGTA TGTTTTGGAG 660 

TACAGGAAAA ATATACTATA GAAGTCGATG 720 

CACAAGTGTT TAATGGAAGG ACTCAAGTGA 780 

TCATTTGGGT GAACTGNCTC TAAACATTTG 840 

CAAGCTTGGT CCTTGGANGG GCCANTGNCC 900 

CNCTTGACCA AGCTAATCAN GGCTTACTAN 960 

ATNCCAGAAA NACTTAACCC TGCGGGCCAT 1020 

NCCTTNCAAA GGCTTTTGGG TTNAAAAAGG 1080 
1140 



Data Collection 
File: 
Sample: 
Comment: 
Lane Number: 
Channel Number: 
Number of Scans: 
No. of Channels: 
Length : 

Run started at: 
Run stopped at: 
Gel: 

Dyeset/Primer: 
Comb: 

Instrument Name: 
Collect Vers.: 



10»ARPP-M13 
ARPP-M13 



53 



10620 

194 

1043 

22/8/1998, 20:25 
23/8/1998, 05:42 
Gel File 

DT {BD Set Any -Primer} 

377 # 97042603 
2.1 



Data Analysis 

Base Call Start: 

Base Call End: 

Primer Peak Loc. : 

signal: 

Matrix Name: 

Channels Ave.: 

Basecaller: 

Basecaller Version: 

Base Spacing Used: 

Base Spacing Calculated: 



1167 
10620 
1167 

G (253), A (227), T (209), C (218) 
dRhodamine Matrix 

3 

ABI100 
Version 3.0 
9.73 
9.73 



1 GATTCCGCTC GGTACCCGGG GATCCGATTG 

61 TTTAAAGACA AGGTTGTAAA ATCTGAGGAT 

121 CTTGTGTGCA TCTTATTAAA TGACAAAATA 

181 AATTTGGTTG CCTATTATAA GCTTTCAAAT 

241 TGATTTACTG CTATAAACGT GTCTGAGACC 

301 GACAGGGATA GAAGGAATCA TGTTCATTTG 

361 CAGCCTGTCC ATAACTGAAC CTGCACATTT 

421 GAGGCAGGGG TCACCAATCC TGTTGGGCCA 

481 ATCAACACAC CTGCCT6GAT GTTTCAAACA 

541 GGTGTGTfTA ATTAGGGTTG GAGCTAAAAT 

601 TTGGTGACCA CTGCCTGAGG TGTCTAAATC 

661 AACTGATTTA TGCCCCTTAA CTTTTCAAAT 

721 TAGATATTTT GAATGCAGAA AACCTGTACC 

781 TTTGGATTAT GGTAGTTGGG TTCCAAGTTT 

841 CTCATAAGAT TTGAAAACAC TTGCCGGGGA 

901 AAGAATAACT TTCCAAGGAG ATGTCAATTC 

961 CCTACTAATT TNAATTAAAC TTTTTACCCG 

1021 TTNTTTGGGA TTGGCAAATT TTN 



GATCCCTTCC AAGGATCGGT GAACAGCCGG 60 

TACAAACACA AGCAATACTT TTACACCTGC 120 

TGAATTACTG TTTGTAAACT GTTTCCAGGT 180 

ATTTAAAGAT AATCAGAGCA CTATTGTATT 240 

AGCGTCCCTG CAAGTCATGA GATGCAGACA 300 

TGCAGTGGGA ACGACGAACA AGCACTGCAA 360 

CTTAATACCA TAATGCATTT GTGATGGCTT 420 

TTGTCCCTGC AGGGTTTAGC TCTATCTTGC 480 

TACCTAGTAA GACCTTGATT AGCTTGTTCA 540 

CTGTAGGACA CTGGCCCTTC AGGAACAAGC 600 

AAATGTTTAG A6ACAGCTCA CCCAAATGAA 660 

CACTTGAGTT CCTTNCATTA AACAC7TGNG 720 

ATCGACTrCT ATAGTATAAT TTTTCCTGGA 780 

NTCCAAAACA TACCATGTFC ANTTAAGAAA 840 

ATGGCCTTTT GGGTGAGCCT TTACCCCTTT 900 

AAAACCNAAN GCCNTTTTTC CCAAATGGGN 960 

GNTTGANGCC TCAATNAAAC TTTACCCCCN 1020 
1080 



lu-Mi-it-r-iviio oignai k<x.i i:;;usu:2ih Page2ot3 

DT {dR Set Any-Primer} Sun, Aug 23, 1 998 1 :57 PM 

ARPP-M13 Afif)\ dRhodamine Matrix Sat, Aug 22, 199B 8:25 PM 

Lane 10 ftty 'V Points 11 67 to 10620 Base 1 : 1 1 67 Spacing: 9.73(9.73} 



GA TTCCGCT 

n 

h A 


CG GTAC C CG ffl G ATC CGAT1 

0 20 \ 


GGATC C CTTC C4AG G ATCGGTGA ACaJgC C G GTTTaAA G ACAA G GTTGTA A A ATCTGAG G 
W 40 SW — * 60 70 80 


ATTACAAACACAAGCAATACT TTTAC A CCTG 
90 100 110 1 


C CTTGTGT GCAT C TTATTO A ATGACA A AATATG AATTACT GTTTGTA A A C T GTTTC C 
20 130 140 150 160 170 

A 



:aggtaatttggttgcctattataagctttcaaatatttaaagataatcagagcactattgtatttgatttactgctataaacgtgtc 

180 190 200 210 220 230 240 250 260 




FGAGAC CA GC GTC CCTGCAAGTCA TGA GATGCA GACA GACA GG GATAGAAG GAATCA TGTTCATTTGTGCA GT G G GA AC GAC GA ACA AG( 
270 280 290 300 310 320 330 340 350 




^ACTGCAACAGCCTGTCCATAACTGAAC CTGCACATTTCTTAATACCATAATGCATTTGTGATGGCTTGAGGCAGGGGTCACCAATCCTGn 
360 370 380 390 400 410 420 430 440 




rGGGCCATTGTCCCTGCAGGGTTTAGCTCTATCTTGCATCAACACACCTGCCTGGATGTTTOAACATACCTAGTAAGACCTTGATTAGCTTG 
450 460 470 480 490 500 510 520 530 




Version 3.0 

oniciur AB110 ° 

rKIOlVI Version 3.0 



DT {dR Set Any-Primer} Sun, Aug 23, 1 998 1 :57 PM 

dRhodamine Matrix Sat, Aug 22, 1998 8:25 PM 

Points 11 67 to 10620 Base 1 : 1 1 67 Spacing: 9.73(9.73} 

TraG6T6T6TTTAATTAGGGTTGaiGCTAAAATCTGTAGGACACTGQ:CCTTCAGGAACAAGCTTGCTCAC (ACT 6 CCTGAGGTGT CTAA 
540 550 560 570 580 590 600 610 620 




&l|CAA ATGTTTO (A GACAtrrCACCa AA^ 
630 640 650 660 670 680 690 700 £, 710 72 



i-RGATA TTTTGAATGCAGAA AACCT GTA CCATCGACTTCTATA GTATAATTTTT OCTGG A TTTG GA TTATG GTA GTTGG GTTCOAG TTTn TCC 
10 730 740 750 760 770 780 790 800 810 



AMACATACCATGTrCANTrAAGAAACTCATAAGA TTTGAAAOCTTGCCGGGGAATGGCG'TTTGGjTGAGCCTTTACCCCTrTAAGAATAA C" 
820 830 840 850 860 870 880 890 900 9; 



riT CCAAG<RGATGT(MTTCA AAACCk Ato GCCnTTTTT C CCAAATffiG n CCTACTA A TTTn A ATTA AA GTTTTA CCC GGn TTGAk g cctcaat 
L0 920 930 940 950 960 970 980 990 1000 



h AMCTTTA CGCCCn TTn TTTG GGATTGGCA A ATTTTm _ 
1010 1020 1030 1040 



ABlA 
PRISM™ 



Version 3.0 

ABI100 ARPP-M13 
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DNASIS 3/24/98 p 

Homology Region [mckpl. 5kb-l] 

No. Target file Definition {O&W M atch% Over, ran? OPT 

4 mck5-d3 ' 97.2 214 522 770 

430 440 450 460 470 480 

mckpl . 5kb-l TCCCTGAGTGaGAACATTGCATGTGCGCGTGACAGMMCCaGAGaTGGAMTACCTTCT 

mck5-d3 ACTAGCGGTGAGMCATTGCATGTGCGCGTGACAG-AMCCAGA^ 

10 20 30 40 50 

490 500 510 520 530 540 

mckpl . 5kb-l TTTGAATTGCATAATTGCTTAAAAGMGACACMC^^ 

mck5-d3 ttcgmttgcataattgcttaaaagm^ 

60 70 80 90 100 110 

550 560 570 580 590 600 

mckpl . 5kb-l CCXTTCTTTrTTTCTGTTGMCAAAAATO^ 

mck5 -d3 CCATTCTTTTTTTCTGTTGAAC-AAAAOTAAGA^ 

120 130 140 150 160 170 

610 620 630 640 

mckpl . 5kb- 1 AOTCCATATTTGGAMCTMTTACAGTGAMGTCAATGGG 

nick5-d3 ACTTCCATATTTGGAAGCTAATTACAGTG-AAGTCAATGGG 
180 190 200 210 



DNASIS 

Homology Region [mckpl.Skb-l] 



3/24/98 



h/ 116 W\\ Match% Over. INIT OPT 

™ ^ M 96.6 204 706 752 

670 680 690 700 710 720 
TATACCTTACTTTGAGTTCAAAAGAA^ 

CGCTACCGGCTTTGAGTTCAAMGAAMACAAMCTCAMTAGG^ 

10 20 30 40 50 60 

73 ° 740 750 760 770 780 

CATTTTTCATTTTGGGGTGGACTATCCCTMTTATTTGACACTTAAGATTTATAGTAAAT 



rnckpl.5kb-l 
mck5-d6 



mckpl.5kb-l 
mck5-d6 



mckpl . 5kb-l 
mck5-d6 

mckpl.5kb-l 
mck5-d6 



CATTTTTCATTTTGGGGTGAACTATCCCTAATTATTTGACACTTAAGATOT 

„„ 70 80 90 100 110 120 

? 90 800 810 820' 830 840 

CATOATAGACTTTCTCCCCTTATTAM^ 

CATTTTATAGACTTTCTCCCCT^^ 

oc P° 140 150 160 170 180 

850 860 870 

GGGTTGTGCTTTTTTGAAMGATTTCCCTGTCA 

GGGTTGTG — TTTTTGAAAAGATTT-CCTGTCA 
190 200 210 



J 



DNASIS J i 3/24/98 P 

Homology Region [mckpl. 5kb-l] /frvfvp 

No. Target file Definition | . Match % Over. INIT OPT 

6 mck5-37 94 _ 6 168 384 60Q 

1320 1330 1340 1350 1360 1370 

mckpl . 5kb-l AAATTGAACKCTTTCTTACACTAAACAGGGCATAAGAGACCAGCGCCAGCC^ 

mck5-d7 CTACCGGACCCTTTCTTACACTAMCAGGGCATAA(^®C^GOTCCACGC^T 

10 20 30 40 50 60 

1380 1390 1400 1410 1420 1430 

nckpl . 5kb-l TCAGTGAGCTCTAMATG(KCCAGCCA&TGGCTGCAG(^TAGAGGTATATATATCCAA 

mck5-d7 TCAGTGAGCTGTAAMTGGGCGAGCCAATGGCTGCAGGGGCT^ — TAT-TATCCAA 

70 80 90 100 110 

1440 1450 1460 1470 1480 

mckpl . 5kb-l ATCAAACTCTTCTTGCTTGGGTGACCCCTATTTCGGCTTGGTGAACAGGATCCGG 

irck5 -d7 ATCAAACTCTTCTTGCTTGGGTGACCCCTATO^ 

!20 130 140 150 160 170 



k4 

TCCTGAACAATnrTgTgQACAAOrTTnASTTr GAATTGCAAAGTCAGAGTAATAAAATGAAACCAA 

AAMCAT||pAAATA^CTTGTCTCTGTGGCTTAATCTTGGCTGATGTGTGTGTGTGTGTGTGTG 

TACTTGA^^^^^TAGTGAG^MCT^A^CM'G^^G^CTGTTATTCA^^TT^TGCCATGOT 
OX E-box E-box 

GGAGACTGTTCGGCCAGCTATAGTTTTCTTCACAGAGTCCTGGGTCACCTAATGTCACAAGGAAGA 
AACATGTTACATGTTAAAATGTGACATTCAMTTGTAGTGCATTACTTAACGAAACGCATTACACA 
AGTTACAGCTTAAAAGATTGCTAGACAGAAAAACCAGGGAGGGGTTTTCCCATAATATCCAGTGAG 

actctaggagcgggaacactaacaggcctccctgagtgagaacattgOmgt^gcgtgacagaaa 
accagagatggaaataccttcttttgmttgcataattgcttaaaagaaga?acaacagggatagt 
tcacccaaaaaacagaccattctttttttctgttgaacaaaaattaagatattttgaagaatgctt 

ACCGMTAACTI^gpgjiAACTAATTACAGTGAAAGTCAATGGGTCTTCCAGCATTTTTTC 

AATATACCTTACTTTGAGTTCAAAAGAAAAACAC^fC^^GTTTGAGGTTGAATAAACATT 
MEF-2 80% 

TTTCATTTTGGGGTGGACTATCCCTAATTATTTGACAGTTAAGATTTATAGTAAATCATTTTATAG 

ACTTTCTCCCCTTATTAAACATGGTTGAATTTATCTTCATGTTTATGTCTGGGTTGTGCTTTTTTG 

AAAAGATTTCCCTGTCAAATGTTTTTGTGTATGGTTGGCGCACAATAGACTGAACTGGCCTATCAC 

ACAGACTTTCATAACMCTCgMTT^ATGCCCTTTCACCCTCAGTlTM^^GCGTCTGACA 
E-box MEF-2 80% 

TGAGCAGATTAAACACGACACTGCAACAACTTTACCTiT^^^AATTGAGTTTGCACCCAG 

^MTCTGTGGTATGTTTGGCAAAAGTGCTGCTCAGCCTTTTTAGCATGGCAGATCCTCCACATCC 

CATCACCCCTCCTTCAACCTATTCCCTCCTGGAMGj^TATGTMGG^jGCGGGAAGTGTAAATGGAT 

ATGGGAAGGAAGGGGGGCACCACCCA^CTgcCACCTCATGTAGGATGCCTGGGGCCTAAATTGA 
E-box 

AGCCTTTCTTACACTAAACAGGGCATAAGAGACCAGCGCCAGCCAATCATAATTCAGTGAGCTCTA 
AAATGGGCCAG^CAAEGGCTGCAGGGGCTAGAGGSA^ATATATCCAAATCAAACTCTTCTTGCTTG 

GTTGTCTTTTGTG^ L intron 1>g P^T. 

aaatattcttcatcacgttttctttatccaatgatC^GT^^^GC^^JiGCCTTT. 
ICGGAAAC ACCC ACAACAACTTCAAG^ TnA *r tip . ,\ ^f*^, 



GAATTGCAAA GTCAGAGTAA TAAAATGAAA CCAAAAAACA TTTTTAAATA TACTTGTCTC 
70 80 90 100 110 120 

TGTGGCTTAA TCTTGGCTGA TGTGTGTGTG TGTGTGTGTG TACTTGACAG CTGCTAGTGA 

130 140 150 160 170 180 

GCATGTGCAC CATGACAGGC CTGTTATTCA CACTTGGTGC CATGTTGGAG ACTGTTCGGC 

190 200 210 220 230 240 

CAGCTATAGT TTTCTTCACA GAGTCCTGGG TCACCTAATG TCACAAGGAA GAAACATGTT 

250 260 270 280 290 300 

ACATGTTAM ATGTGACATT CAAATTGTAG TGCATTACTT AACGAAACGC ATTACACAAG 

310 320 330 340 350 360 

TTACAGCTTA AAAGATTGCT AGACAGAAAA ACCAGGGAGG GGTTTTCCCA TAATATCCAG 

370 380 390 400 C<i 410 420 

TGAGACTCTA GGAGCGGGAA CACTAACAGG CCTCCCTG^G~TGAGAACATT GCATGTGCGC 

430 440 450 460 470 480 

GTGACAGAAA ACCAGAGATG GAAATACCTT CTTTTGAATT GCATAATTGC TTAAAAGAAG 

490 500 510 520 530 540 

ACACAACAGG GATAGTTCAC CCAAAAAACA GACCATTCTT TTTTTCTGTT GAACAAAAAT 

550 560 570 580 590 600 

TAAGATATTT TGAAGAATGC TTACCGAATA ACTTCCATAT TTGGAAACTA ATTACAGTGA 
' ) 610 620 630 640 ^ 650 ^ 0 660 

AAGTCAATGG GTCTTCCAGC ATTTTTTCAA TATACCTTJ^TTGAGTTcJTaAAGAAAAAC 

670 680 690 700 710 720 

ACATCTCAAA TAGGTTTGAG GTTGAATAAA CATTTTTCAT TTTGGGGTGG ACTATCCCTA 

730 740 750 760 770 780 

ATTATTTGAC ACTTAAGATT TATAGTAAAT CATTTTATAG ACTTTCTCCC CTTATTAAAC 

790 80O 810 820 830 840 

ATGGTTGAAT TTATCTTCAT GTTTATGTCT GGGTTGTGCT TTTTTGAAAA GATTTCCCTG 



850 



"-^ u <ju jjtwu obu 890 900 

TCAAATGTTT TTGTGTATGG TTGGCGCACA ATAGACTGAA CTGGCCTATC ACACAGACTT 
910 920 930- 940 950 960 

TCATAACAAC TCCAGTTGAT GCCCTTTCAC CCTCAGTGTA TAAATATGGC GTCTGACATG 
970 980 990 1000 1010 1020 

AGCAGATTAA ACACGACACT GCAACAACTT TACCTGTAAA AATACAAATT GAGTTTGCAC 
1Q 30 1040 1050 1060 1° 80 ■ 

CCAGAATCAT GTGGTGAACG AAGCCTACCA AGAGATTTTT GAAAGcEaTC GGCCTGACAC 
1090 1100 1110 1120 1130 1140 

G hACTTCT GATATCTGTG GTATGTTTGG CAAAAGTGCT GCTCAGCCTT TTTAGCATGG 
1150 1160 1170 1180 1190 1200 

CAGATCCTCC ACATCCCATC ACCCCTCCTT CAACCTATTC CCTCCTGGAA AGCTATGTAT 
1210 1220 1230 1240 1250 1260 

GGGGCGGGAA GTGTAAATGG ATATGGGAAG GAAGGGGGGC ACCACCCACA GCTGCCACCT 
1270 1280 1290 ct7 1300 1310 1320 

CATCTAGGAT GCCTGGGGCC TAAATTGAAG fcCTTTCTTAC ACTAAACAGG GCATAAGAGA 
1330 1340 1350 1360 1370 1380 

CCAGCGCCAG CCAATCATAA TTCAGTGAGC TCTAAAATGG GCCAGCCAAT GGCTGCAGGG 
1390 1400 1410 1420 1430 1440 

GCTAGAGGTA TATATATCCA AATCjIaACTC TTCTTGCTTG GGTGACCCCT A TtTTCGGCTT 

1450 1460 1470 1480 1490 1500 

- GGTGAACAGG~ATCCGGl 
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Faithful Expression of Green Fluorescent Protein 
(GFP) in Transgenic Zebrafish Embryos Under 
Control of Zebrafish Gene Promoters 

BENSHENG JU, YANFEI XU, JIANGYAN HE, JI LIAO, TIE YAN, CHOY L. HEW, TOONG JIN LAM, 
and ZHIYUAN GONG* 
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ABSTRACT Although the zebrafish has become 
a popular model organism for vertebrate developmental 
and genetic analyses, its use in transgenic studies still 
suffers from the scarcity of homologous gene promoters. 
In the present study, three different zebrafish cDNA 
clones were isolated and sequenced completely, and 
their expression patterns were characterized by whole- 
mount in situ hybridization as well as by Northern blot 
hybridization. The first clone encodes a type II cytokera- 
tin (CK), which is specifically expressed in skin epithelia 
in early embryos and prominently expressed in the adult 
skin tissue. The second clone is muscle specific and 
encodes a muscle creatine kinase (MCK). The third 
clone, expressed ubiquitously in all tissues, is derived 
from an acidic ribosoma! phosphoprotein PO (arp) gene. 
In order to test the fidelity of zebrafish embryos in 
transgenic expression, Lhe promoters of the three genes 
were isoiated using a rapid linker-mediated PCR ap- 
proach and subsequently ligated to a modified green 
fluorescent protein (gfp) reporter gene. When the three 
hybrid GFP constructs were introduced into zebrafish 
embryos by microinjection, the three promoters were 
activated faithfully in developing zebrafish embryos, The 
2.2 kb ci< promoter was sufficient to direct GFP expres- 
sion in skin epithelia, although a weak expression in 
muscle was also observed in a few embryos. This pattern 
of transgenic expression is consistent with the expression 
pattern of the endogenous cylokeratin gene. The 1 .5 kb 
mck promoter/gfp was expressed exclusively in skeletal 
muscles and not elsewhere. By contrast, the 0.8-kb 
ubiquitous promoter plus the first intron of the arp gene 
were capable of expressing GFP in a variety of tissues, 
including the skin, muscle, lens, neurons, notochord, and 
circulating blood cells. Our experiments, therefore, fur- 
ther demonstrated that zebrafish embryos can faithfully 
express exogenously introduced genes under the control 
of zebrafish promoters. Dev. Genet. 25:158-167, 
1999. © 1999Wiley-Liss, Inc. 

Keywords: cytokeratin; muscle creatine kinase; acidic 
ribosomal phosphoprotein PO; skin-specific; muscle- 
specific; EGFP 



INTRODUCTION 

The zebrafish, Danio rerio, has emerged as a new 
model organism for vertebrate developmental biology. 
As an experimental model, it offers several major 
advantages, such as easy availability of eggs and 
embryos, tissue clarity throughout embryogenesis, ex- 
ternal development, short generation time, and easy 
maintenance of both the adult and the young. Recently, 
systematic mutant screens have generated several 
hundreds of developmental mutants [Driever ef al., 
1996; Haffer ef al, 1996]. Characterization of these 
mutants will undoubtedly provide further insights into 
the mechanisms of vertebrate development. There are 
two important approaches for understanding the basis 
of these mutations. One is to isolate the mutant genes 
for elucidating their function. Currently, several ver- 
sions of zebrafish genetic maps are available as guides 
to isolate mutant genes [Postlethwait era/., 1994, 1998; 
Knapik et al, 1998] and a few mutant genes have been 
already identified and isolated by positional cloning 
[e.g., Zhang et al. 1998; Brownlie ef al, 1998]. The 
second approach is to demonstrate the function of the 
mutant genes. This latter approach may require a 
transgenic technique, for example, to insert a normal 
gene to rescue a mutant [Yan era/., 1998]. 

The transgenic approach has become a popular experi- 
mental approach for developmental analysis in Cae- 
norhabditis elegans, Drosophila, and mouse. Usually, 
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the expression pattern of a transgene reflects that of 
the endogenous gene from which the promoter for the 
transgene is derived [for review, see MacDonald and 
Swift, 1998]. However, in zebrafish, despite the fact 
that the first transgenic work was reported a decade 
ago [Stuart ef al, 1988], very few transgenic studies 
have been carried out to address questions on develop- 
mental gene regulation. Most of the work on transgenic 
fish so far used heterologous gene promoters or viral 
gene promoters [for review, see Hackett, 1993; Gong 
and Hew, 1995; Iyengar et al., 1996]. As a result, the 
expression pattern of a transgene in many cases is 
unpredictable. Recently, using a homologous zebrafish 
gene promoter, Long et al. [1997] have successfully 
demonstrated the recapitulation of developmental ex- 
pression of a tissue-specific transcription factor, GATA-1 , 
by introducing a gene construct consisting of the gata-1 
promoter and a reporter gene, gfp. The transgenic GFP 
is specifically expressed in circulating blood cells, reflect- 
ing the expression pattern of the endogenous gata-1. By 
a similar approach, Higashijima era/. [1997] have also 
demonstrated the faithful expression of the GFP re- 
porter gene under a zebrafish muscle a-actin gene 
promoter. These experiments indicate the feasibility of 
using transgenic zebrafish to analyze zebrafish promot- 
ers. 

With the expressed sequence tag (EST) approach, we 
have previously identified and isolated more than 400 
nonredundant zebrafish cDNA clones from more than 
2,000 random cDNA clones that were partially se- 
quenced [Gong et al, 1997; and unpublished data]. 
These identified clones provide a rich resource for the 
selection of molecular markers in developmental analy- 
ses and for cloning of gene promoters. Based on the 
expression patterns of homologous genes in other verte- 
brate species, some of these zebrafish cDNA clones can 
be inferred to be expressed in a tissue or cell type- 
specific manner. To achieve rapid isolatation of a gene 
promoter, we have developed a linker- mediated polymer- 
ase chain reaction (PCR) method based on our EST 
sequences [Liao etal., 1997]. To characterize these gene 
promoters systematically, the gfp reporter gene can be 
ligated to these promoters and injected into fish em- 
bryos at the 1- or 2-cell stage. As the detection of GFP 
expression is a noninvasive approach, the complete 
expression pattern can be viewed continuously in live 
embryos during development. 

In the present study, three zebrafish EST clones 
derived from a cytokeratin gene {ck), a muscle creatine 
kinase gene {mck), and an acidic ribosomal phosphopro- 
tein P0 gene (arp), were characterized. In situ hybridiza- 
tion and Northern blot hybridization indicate that they 
were expressed in the skin, in the fast skeletal muscle, 
and ubiquitously, respectively. Their 5' flanking regions 
or promoters were isolated by a linker-mediated PCR 
approach and ligated with the gfp reporter gene. When 
these zebrafish promoter/^ chimeric constructs were 
injected into fish embryos, all three transgenic gfp 



constructs were faithfully expressed in early transgenic 
embryos, indicating the feasibility and fidelity of the 
transgenic zebrafish system with native zebrafish gene 
promoters. 

MATERIALS AND METHODS 
The Zebrafish 

Zebrafish were purchased from a local aquarium 
store and maintained according to the Zebrafish Book 
[Westerfield, 1994]. 

cDNA Clones 

The zebrafish cDNA clones used in the present study 
were isolated by sequencing randomly selected cDNA 
clones [Gong etal., 1997], including A39 for cytokeratin, 
E146 for muscle creatine kinase, and A150 for acidic 
ribosomal phosphoprotein P0. 

In Situ Hybridization 

Whole-mount in situ hybridization using digoxigenin 
{DIG)-labeled riboprobes was carried out as previously 
described [Korzh et al.. 1998], The plasmid DNAs were 
linearized with Pstl, followed by in vitro transcription 
reactions with T7 RNA polymerase for the antisense 
RNA probe. Controls with sense strand probes were 
also included for in situ hybridization. The embryos 
were fixed with 4% paraformaldehyde, hybridized with 
a DIG-labeled RNA probe in a hybridization buffer (50% 
formamide, 5xSSC, 50 mg/ml tRNA, and 0.1% Tween 
20) at 70°C, followed by incubation with anti-DIG 
antibody conjugated with alkaline phosphatase and by 
staining with the substrates, nitrablue terazalium (NBT) 
and 5-bromo, 4-chloro, 3-indolii phosphate (BCIP), to 
produce purple and insoluble precipitates. Some of the 
stained embryos were embedded in 1.5% agar-sucrose 
and sectioned using a cryostat (1 5 pm). 

Northern Blot Analysis 

Total RNA was isolated from embryos and various 
adult tissues using Trizol reagent (Life Technologies, 
US A) . A total of 1 0 pg of RNA was fractionated on 1 .2% 
formaldehyde-agarose gels and transferred to a piece of 
GeneScreen membrane (DuPont-New England Nuclear). 
The membrane was hybridized with 32 P -labeled cDNA 
probes at 42°C overnight and washed twice with 0.5% 
sodium dodecyl sulfate {SDS)/2xSET (0.15 M NaCl; 1 
mM EDTA; 20 mMTris, pH 7.8) and once with 0.1%SDS/ 
0.2xSET at 65°C before autoradiography. 

Isolation of Gene Promoters 

The promoters were isolated by a linker-mediated 
PCR method [Liao etal, 1997], Briefly, zebrafish ge- 
nomic DNA was digested with selected restriction en- 
zymes individually and modified by T4 DNA polymer- 
ase to generate blunt ends if necessary. The digested 
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genomic DNAs were ligated with a partially double- 
stranded linker DNA. Two linker-specific primers, LI 
and L2, were designed based on the 5' extended upper 
strand. Two gene specific primers, Gl and G2, were 
designed with sequences complementary to the 5' ends 
of the respective cDNA clones. To ensure that there is 
no ATG codon upstream of the reporter gene in the 
subsequent promoter/^ constructs, the two gene- 
specific primers or at least the second gene specific 
primer, G2, was based on the 5' UTR sequence. Nested 
PCR was performed with Advantage Tth Polymerase 
Mix (Ciontech}. The PCR conditions were as follows: 
94°C/1 min, 35 (1st round) or 25 (2nd round) cycles of 
94°C/30 s and 68°C/6 min, and finally 68°C/8 min in a 
Perkin Elmer 480 PCR machine. PCR products were gel 
purified and cloned into a TA-vector, pT7-Blue (Nova- 
gen). The proximal promoter regions were then se- 
quenced for verification based on the 5' sequences from 
the cDNA clones. 

Construction of Promoter-EGFP Plasmids 

The reporter gene vector, pEGFP-I, was purchased 
from Ciontech and it contains a gene encoding a mutant 
GFP with enhanced fluorescence, resulting from a 
single amino acid substitution in the fluorescence form- 
ing domain and from optimization based on human 
codon usage preference [Cormack et ah, 1996]. Before 
insertion of the zebrafish promoters, pEGFP-1 was cut 
with EcoRl and BairiHI at the multiple cloning site. 
Promoter regions for ck, mck, and arpwere amplified by 
two primers incorporating EcoRl and BamHI sites, 
respectively. The amplified PCR products were cut by 
EcoRl and BamHI, and inserted into pEGFP-I. The 
resulted chimeric DNAs were named pCK-EGFP, 
pMCK-EGFP, and pARP-EGFP, respectively. 

Microinjection and Detection of GFP Expression 

Linearized plasmid DNAs at the concentration of 500 
ug/ml (for pCK-EGFP and pMCK-EGFP) in 0.3 M 
Tris-HCi (pH 7.6)/0.25% phenol red were injected into 
the cytoplasm of 1 - or 2-cel! stage embryos. Because of a 
high mortality rate, pARP-EGFP was injected at a 
lower concentration (50 pg/ml). Each embryo received 
300-500 pi of DNA. The injected embryos were reared 
in the autoclaved Holtfreter's solution (0.35% NaCl, 
0.01% KC1, and 0.01% CaCl 2 ) supplemented with 1 
pg/ml of methylene blue, Expression of GFP was ob- 
served and photographed under a Zeiss Axiovert 25 
fluorescence microscope. 

RESULTS 

Zebrafish ck, mck, and arp cDNA Clones 
and Their Expression 

To test the feasibility of the zebrafish as a transgenic 
model for developmental analysis, the skin and muscles 
were initially targeted for transgenic expression be- 



cause these tissues are easily identifiable and consti- 
tute the greater part of the zebrafish embryo. To 
complement this study, we also chose a ubiquitous 
promoter to drive the transgenic expression in all cell 
types. In order to isolate the zebrafish gene promoters 
with skin specificity, muscle specificity or ubiquitous 
feature, three identified zebrafish cDNA clones were 
chosen from the collection of our tagged cDNA clones or 
EST clones (Gong etal, 1997]: A39, encoding a cytokera- 
tin (CK) for skin specificity; E146, muscle creatine 
kinase (MCK) for muscle specificity; and A150, acidic 
ribosomal phosphoprotein PO (ARP) for ubiquitous ex- 
pression. The reason for choosing the arp cDNA clone 
for a ubiquitous promoter is that it is one of the most 
abundant cDNA clones in both embryonic and whole 
adult cDNA libraries, on the basis of its frequency 
among our EST clones [Gong etal, 1997; Gong, 1999]. 

The three cDNA clones were sequenced completely. 
A39 is a partial clone, and the complete coding region 
was recovered by 5' RACE (rapid amplification of cDNA 
end). The combined cDNA sequence of the 5' RACE 
fragment and the A39 clone is 2,480 nucleotides long, 
encoding a type II basic cytokeratin (499 amino acids). 
Its closest homologue in mammals is cytokeratin 8 
(65-68% amino acid identity). El 46 (1 ,542 nucleotides) 
codes for the zebrafish MCK (381 amino acids) and its 
amino acid sequence shares approximately 87% iden- 
tity with mammalian MCKs. The amino acid sequence 
of zebrafish ARP (320"amino acids) deduced from the 
A150 clone (1,104 nucleotides) is. 87-89% identical to 
those of mammalian ARPs. The complete cDNA se- 
quences have been submitted to Genbank under the 
access numbers AF1 34850 (A39 plus the 5' RACE 
fragment), AF 134851 (E146), and AF1 34852 (A150). 

To demonstrate their expression patterns, whole- 
mount in situ hybridization was carried out for develop- 
ing embryos, and Northern blot analysis was carried 
out for selected adult tissues as well as for. developing 
embryos. 

As indicated by whole-mount in situ hybridization, 
cytokeratin mRNA was specifically expressed in the 
embryonic surface (Fig. 1A-C) and cross section of in 
situ hybridized embryos confirmed that the expression 
was restricted to the skin epithelia (Fig. 1 C). Ontogeneti- 
cally, the cytokeratin mRNA appeared at 3-4 high- 
power fields (hpf), and it is likely that the transcription 
of the cytokeratin gene starts at mid-blastula transition 
when the zygotic genome is activated. By in situ 
hybridizaLion, the cytokeraLin mRNA signal was clearly 
detected in the highly flattened cells of the superficial 
layer in blastula and the expression remained in the 
superficial layer which eventually developed into skin 
epithelia including yolk sac. In adult tissues, cytokera- 
tin mRNA was detected predominantly in the skin and. 
also weakly in several other tissues including the eye, 
gill, intestine and muscle, but not in the liver and ovary 
(Fig. 2A). Therefore, the cytokeratin mRNA is predomi- 
nantly, if not specifically, expressed in skin cells. 
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Fig. I. Expression ofc*(A-C). m<tf (D,E), and a/p(F,G) mRNAs in 
zebrafisli embryos as shown by whole-mount in situ hybridization. A: 
A 28-hlgh -power field (hpf) embryo hybridized with a ck antlsense 
riboprobe. B: Enlargement of the midpart of the embryo shown In A. 
C: Cross section of the embryo in A. D: A 30-hpf embryo hybridized 



with an mck antisense riboprobe. Er Cross section of the embryo in D. 
F: A 28-hpf embryo hybridized with an arp antisense riboprobe. G: 
Cross section of the embryo in F. Arrows, planes for cross sections; box 
(A), enlarged region shown in B. 



mcAmRNA was first detected in the first few anterior 
somites in 10 somite stage (14 hpf); at later stages, the 
expression was specifically in skeletal muscle (Fig. ID) 
and in heart (data not shown). When the stained 
embryos were cross-sectioned, the mck mRNA signal 
was found exclusively in the trunk skeletal muscles 
(Fig. IE). In adult tissues, mck mRNA was detected 
exclusively in skeletal muscles (Fig. 2A). 

arp mRNA was expressed ubiquitously in adult tis- 
sues, although at a low level in the brain (Fig. 2A). In 
situ hybridization shows intense signals in most tis- 



sues, although in the notochord and neural tube, the 
signal was relatively weak, especially at later stages. 
An example of a hybridized embryo at 28 hpf is shown 
in Figure IF. Under the same conditions, only specific 
tissues were stained using tissue-specific antisense 
riboprobes (e.g., Fig. 1A-E); little or no staining was 
■found with a sense riboprobe (data not shown). Thus, 
the hybridization signals from the arp antisense ribo- 
probe was truly derived from arp mRNA. These observa- 
tions confirmed that the arp mRNA is expressed ubiqui- 
tously. 





Fig. Z. Northern blot analysis of ck. mck, and arp mRNAs in adult 
tissues and embryos. A: Distribution of ck, mck, and arp mRNAs in 
adult tissues. Total RN As were prepared from selected adult tissues as 
Indicated at the top of each lane. B: Accumulation of ck. mck, and arp 
mRNAs in developing embryos from 1 cell stage (before 1 high-power 
field [hpf]) to 72 hpf, as indicated at the top of each lane. For each panel 
(A or B), the same or identical blots were made from the same set of 
RNAsand hybridized with the ck, mck, and arp probes, respectively. 



The temporal accumulation of the three mRNAs in 
developing embryos was also examined by Northern 
blot hybridization (Fig. 2B). Because Northern analysis 
is a less sensitive approach, ck and mck mRNAs were 
detected later than their detection by in situ hybridiza- 
tion. Both mRNAs were up-regulated after their ontoge- 
netic activation. arp mRNA was detected faintly during 
the first 4 h of development as a short form, which was 
then replaced by a long form before 8 hpf. Thereafter, 
the long form arp mRNA increased dramatically by 18 
hpf and remained constant at £72 hpf. Therefore, it is 
likely that maternal arp mRNA (short form) is present 
before the zygotic genome activation and is replaced by 



Fig. 3. Schematic representation of strategy of promoter cloning 
and promoter/^ constructs. A: Strategy of promoter cloning. Restric- 
tion enzyme digested genomic DNA was ligalcd with a short linker 
DNA, and nested polymerase chain reaction (PCR) were performed by 
primers Ll/Gl and L2/G2. LI and L2 are primers against the linker 
region. Gl and G2 are gene-specific primers, designed based on a 
cDNA sequence. B: Schematic representation of the, three GFP con- 
structs used in the present study. The promoter lengths, TATA boxes, a 
GC-rich region, and an intron are Indicated. 



zygotic arp mRNA (long form) at mid-blastula transi- 
tion (approximately 4'hpf). 

Generation of gfp Transgenic Constructs Using 
Homologous Zebrafish Gene Promoters 

To study the promoter regions controlling tissue- 
specific expression, three promoters were isolated based 
on the cDNA sequences by a linker-mediated PCR 
approach [Liao et al., 1997], as shown dlagrammically 
in Figure 3 A. The isolated cytokeratin gene promoter is 
2.2 kb. In the 3' proximal region 36 bp upstream of the 
ck cDNA sequence; a putative TATA box perfectly 
matches the consensus sequence. The 164-bp sequence 
at one end of the putative promoter fragment are 
identical to the 5' UTR of the cytokeratin cDNA. Thus, 
the isolated fragment was indeed derived from the 
same gene as the cytokeratin cDNA clone. Similarly, a 
1.5-kb 5' flanking region was isolated from the muscle 
creatine kinase gene, with a putative TATA box in Its 3' 
proximal region (35 bp from the start of the cDNA 
sequence). The 3' region is also identical to the 5' 
portion of the mck cDNA clone. A 2.1-kb fragment was 
amplified from the arp gene. By alignment of its 
sequence with the arpcDNA, we found a 1.3-kb intron 
in the 5' UTR. As a result, the isolated ARP promoter is 
only about 0.8 kb long. Although there is a putative 
TATA box located 170 bp from the start of the cDNA 
sequence, there is a GC-rich region immediately before 
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the cDNA sequence. Therefore, the arp promoter may 
be a GC-type ubiquitous promoter. All the three pro- 
moter fragments were inserted to the gfp reporter gene 
vector, pEGFP-1 , and designated as pCK-EGFP, pMCK- 
EGFP, and pARP-EGFP, respectively (Fig. 3B). 

Transgenic Expression of GFP Under a 
Skin- Prominent Promoter 

When pCK-EGFP was injected into 1- or 2-cell stage 
embryos, GFP expression started at about 4 h after 
injection, which corresponded to the stage of approxi- 
mately 30% epiboly. About 55% of the injected embryos 
expressed GFP at this stage. The early expression was 
always in the superficial layer of cells, mimicking 
endogenous expression of the ck gene as observed by in 
situ hybridization (Fig. 4A). However, the transgenic 
expression was mosaic as it was observed only in some 
but not in all surface cells. At 24 h after injection, the 
strongest GFP expression was usually found in the yolk 
sac. especially at the boundary between the yolk and 
the embryo. GFP expression appeared only in the 
epithelial cells on the embryonic surface (Fig. 4B-D). 
By 48 hpf, about 57% of surviving embryos expressed 
GFP and 100% of GFP-expressing embryos showed 
expression in skin epithelial cells. In about 8% of 
surviving embryos, a weak GFP expression was also 
found in muscle cells, but not in the central nervous 
system (CNS), notochord, lens, and other tissues that 
frequently expressed GFP under the ubiquitous pro- 
moter from the arp gene (see below). The summary of 
injected embryos and the patterns of GFP expression 
are shown in Table 1 . 

GFP expression from pCK-EGFP was still visible 
when the larvae were 1.5 months old. About 20% of the 
fish initially expressing GFP remained GFP-positive, 
and the overall expression level decreased. Skin- 
specific expression at this stage was found mostly in the 
head region and the fins. However, expression in the 
muscle cells showed no obvious decrease of the fluores- 
cence intensity. 

Transgenic Expression of GFP Under a 
Muscle-Specific Promoter 

. Under the mck promoter, no GFP expression was 
observed in early embryos before muscle cells became 
differentiated. By 24 hpf, about 12% of surviving em- 
bryos expressed GFP strongly in muscle colls and these 
GFP-positive embryos remain GFP positive at the 
hatching stage (48 hp!) (Table 1). The GFP expression 
was always found in many bundles of muscle fibers, 
mainly in the mid-trunk region (Fig. 4E), and no 
expression was ever found in other types of cells. For 
the first 2 weeks of development, there was no decrease 
in fluorescence intensity, further indicating that the 
transgenic GFP expression in muscle cells can last 
longer. When examined 1.5 months after injection, the 
fluorescent muscle fibers were still visible. 



Although the endogenous mck gene was also ex- 
pressed in the heart, expression of exogenously intro- 
duced pMCK-EGFP construct was not detected in the 
heart. This might indicate that the promoter region 
used does not include the cis-element for heart expres- 
sion. Alternatively, or more likely, the expression in the 
heart could rarely occur because heart tissues consti- 
tute only a small portion of the embryo, and the 
probability of segregating the transgene into the heart 
lineage might be too low due to the mosaic segregation 
[WesLerfield el al, 1992]. Consistent with this, among 
the 244 embryos injected with the ubiquitous promoter 
construct, pARP-EGFP, none showed GFP expression 
in the heart. Thus, it will be interesting to examine 
heart expression of mck-gfp in Fl generation from 
germline transgenic zebrafish. 

Transgenic Expression of GFP Under a 
Ubiquitous Promoter 

Expression of arp-egfp was first observed 4 h after 
injection at the 30% epiboly stage. The timing of 
expression was similar to that of pCK-EGFP injected 
embryos. However, unlike the ck-egfp transgenic em- 
bryos, GFP expression under the arp promoter occurred 
not only in the superficial layer of cells but also in deep 
layers of cells (Fig. 4F). In some batches of injected 
embryos, almost 100% of the injected embryos ex- 
pressed GFP initially. At later stages, when some 
embryonic cells become differentiated, GFP expression 
was detected frequently in the skin, muscle, lens, 
neural tissues, notochord, and circulating blood cells 
(Fig. 4G-K). In early embryos of <24 hpf, GFP expres- 
sion was detectable mostly in neural cells and skin 
epithelia (Fig. 4G.H) and after 48 hpf neural GFP 
expression was extinguished in most GFP-expressing 
embryos, although the epithelial and muscular expres- 
sion continued for more than 1 .5 month. The disappear- 
ance of GFP in neural cells is consistent with the 
observation of a low level of arp mRNA expression in 
CNS during late stages of embryonic development (Fig. 
!G) and in the adult brain (Fig. 2A). For muscle 
expression, unlike the GFP expression in pMCK-EGFP 
injected embryos, the GFP expression with pARP- 
EGFP occurred only in scattered muscle fibers. In 
addition, the intensity of GFP fluorescence in this case 
was much weaker than that observed in pMCK-EGFP- 
injected embryos. 

For some unknown reasons, the embryos Injected 
with pARP-EGFP showed a poor survival rate. By 48 
hpf, only 23% of the injected embryos survived, while 
the survival rates were 44% and 53% for the embryos of 
the same stage injected with pCK-EGFP and pMCK- 
EGFP, respectively (Table 1). For those pARP-EGFP- 
injected embryos that survived at 48 hpf and expressed 
GFP, most of them had obvious developmental abnor- 
malities, such as shortening of trunk and loss of brain 
or tail. A similar low survival rate and developmental 
abnormalities were also observed in embryos injected 
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TABLE 1. Summary of Transgenic Zebrafish Embryos 







50% epiboly (4 hpf) 


Hatching (48 hpf) 






Stages/ 


1-2 cells 


Survival Expression 


Survival Expression 


Tissue distribution of GFP at ■ 


18 hpf 




Injected 


(%) 06) 


(%) (%) 


Skin Muscle CNS 


Others' 1 


pCK-EGFP 


440 


230 (52) 102 (44) 


193 (44) 111 (57) 


111 16 0 


0 


pMCK-EGFP 


226 


160 (71) 0 (0) 


121 (54) 14 (12) 


0 14 0 


0 


pARP-EGFP 


244 


159 (62) 104 (65) 


57 (23) 37 (65} b 


37 14 16 


18 



a The combination of these expressing individuals exceeds the number of the hatched-out larvae as one larvae may express GFP 
in several tissues. Skin, including yolk sac and fins; CNS, central nervous system; other, including lens, blood cells, and 
notochord. 

b Only 1 5 embryos showed normal development. 



with another ubiquitously expressing EGFP construct, 
pCMV-EGFP, which has a strong cytomegaloviral (cmv) 
promoter (data not shown). Thus, ubiquitous expres- 
sion of EGFP might be detrimental to embryonic devel- 
opment probably because a strong GFP expression 
could interfere with the normal cellular function of 
certain cells, adversely affecting the embryonic sur- 
vival. Consistent with this, embryos showing high GFP 
expression at. early stages usually died early or had 
more severe abnormalities. By contrast, the strong GFP 
expression in the skin and in the skeletal muscle under 
the ck and mck promoters, respectively, have no such 
adverse effect on embryonic survival, suggesting that 
the skin and muscle cells might tolerate a high level of 
transgenic GFP expression. 



DISCUSSION 

A critical factor for successful transgenic research is 
the design of a DNA construct, which consists of a gene 
promoter, a structural gene, and a transcription termi- 
nation signal. Among the three components, promoter 
is most important in directing the structural gene to be 
activated at a correct stage and in a proper tissue. 
However, because of the lack of zebrafish gene promot- 
ers, most of the early work on transgenic zebrafish used 
heterologous promoters from viruses or from other 
species of animals [e.g., Stuart et al, 1988, 1990; 
Westerfield, 1992; Lin et al, 1994, Amsterdam et al, 
1995; Muller et al., 1997]. Thus, until recently, it was 
unclear whether transgenic zebrafish is capable of 
expressing the transgene faithfully. Recently, two groups 
have successfully reported the faithful expression of 
transgenes using zebrafish gene promoters [Meng etal, 
1997; Long etal, 1997; Higashijima etal, 1997]. In the 
present study, we have demonstrated the faithful expres- 
sion of a reporter gene under three zebrafish gene 
promoters of different tissue specificity by a transient 
transgenic expression assay. Thus, we further con- 
firmed the validity of zebrafish as a transgenic system 
to analyze tissue specific gene expression and to test the 
function of a gene. 

The first zebrafish gene promoter we used is a 
skin-specific (or -prominent) promoter derived from a 
cytokeratin gene, which is expressed predominantly in 



skin epithelial cells. Consistent with the expression 
pattern of the endogenous cytokeratin gene, its pro- 
moter directed the gfp transgene expression predomi- 
nantly in skin cells. In only about 8% of embryos, a 
weak GFP expression was also observed in muscle cells. 
This may be explained by the fact that the cytokeratin 
gene is also weakly expressed in the muscle tissue as 
indicated by Northern blot hybridization (Fig. 2A). The 
second zebrafish promoter used was derived from a 
muscle creatine kinase gene. As predicted, the GFP 
expression under the muscle specific mck promoter was 
exclusively in skeletal muscle cells and no GFP expres- 
sion was found in any nonmuscie cell. The ubiquitous 
promoter from the arp gene directed the transgenic 
GFP expression in many different types of cells, such as 
skin epithelia, neural cells, notochord, lens, blood cells 
and muscle, again consistent with the expression of the 
endogenous arp gene. 

The temporal activation of the three gene promoters 
is also in good agreement with the timing of the 
activation of these endogenous genes during normal 
development. Both ck and arp mRNAs can be detected 
as early as the blastula stage (before 4 hpf, data not 
shown) and it is likely that these genes are activated 
when the zygotic genome is activated at mid-blastula 
transition. Consistent with this, the GFP expression 
under the ck and arp promoters was observed quite 
early, at about 4 h after injection (approximately 30% 
epiboly stage or approximately 5 hpf), which is shortly 
after the mid-blastula transition. By contrast, the GFP 
expression under the mck promoter was only observed 
after muscle has formed. 

It is worth mentioning that, in all cases, the transient 
transgenic expression is mosaic and highly variable 
among the embryos injected with the same DNA con- 
struct; i.e., not all skin cells or muscle cells expressed 
the gfp transgene, and not every embryo showed identi- 
cal pattern of expression. These phenomena are primar- 
ily attributable to the differential segregation of the 
injected DNA during embryogenesis, as documented in 
early transgenic fish research [for review, see Hackett, 
1993; Gong and Hew, 1995; Iyengar et al, 1996]. 
Nevertheless, the transient transgenic system remains 
an effective and reliable system to investigate the 
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pattern of gene expression by analysis of a large 
number of individuals [Westerfield etal, 1992, Meng et 
al., 1997; Muller etal., 1997]. It also provides a rapid, 
convenient assay with which to dissect the a's-elements 
controlling the temporal and spatial patterns of expres- 
sion. For example, Westerfield etal. [1992] have demon- 
strated the expression domain of a mouse homeobox 
gene in transgenic zebraflsh by analysing a large 
number of embryos injected with a mouse homeobox 
gene promoter with a LacZ reporter gene. More re- 
cently, Meng etal. [1997] used the transient transgenic 
zebraflsh system for successful dissection of the cis- 
elements of a transcription factor gene, gata-2, respon- 
sible for hematopoietic, enveloping layer and neuronal 
expression. In the present study, a 1.5-kb 5' flanking 
sequence from the mck gene successfully directed the 
reporter gene to be expressed specifically in the skeletal 
muscle, indicating that the cis-elements for skeletal 
muscle expression are located within the I.5-kb region. 
Deletion analysis of the 3.5-kb promoter region will 
further map the region for skeletal muscle specificity 
and site-directed mutagenesis can be used to further 
confirm the mapped ds-elements. Similarly, the region 
determining the skin specificity must be located within 
the 2.2-kb upstream region of the cytokeratin gene. 

An alternative transgenic approach to analyze gene 
regulation is to develop germline transgenic zebrafish. 
The transgenic expression pattern would likely be 
reproduclbly observed in F3 and subsequent genera- 
tions [Stuart etal, 1990; Long etal., 1997; Higashijima 
etal, 1997]. This approach may eliminate the problem 
of mosaic expression and, in most cases, the transgenic 
lines will have correct patterns of expression, mimick- 
ing those of endogenous genes from which the promot- 
ers derived from. However, variable transgenic expres- 
sion could still occur among different transgenic lines, 
attributed to a chromosomal effect [Stuart etal, 1990]. 
To overcome the latter problem, efforts have been made 
in transgenic mice by using certain chromosomal con- 
trolling elements, such as locus control region from the 
globin gene cluster [Grosveld et al., 1987] and matrix 
attachment region from the chicken lysozyme gene 
[McKnightef al, 1992], In both cases, a more consistent 
expression of transgene among different transgenic 
lines was observed. However, such elements have not 
been tested in the zebrafish system. 

The development of stable gfp transgenic lines should 
also be valuable for many other studies. Since detection 
of GFP is a noninvasive approach, expression of GFP 
can be continuously observed by epifluorescence micros- 
copy. By selecting a tissue-specific promoter, the devel- 
opmental expression pattern of the gene from which the 
promoter is derived can be recapitulated [Long et al. , 
1 997]. With the availability of a wide range of zebrafish 
cDNA clones [Gong et al, 1997; Gong. 1998] and the 
ability to isolate zebrafish gene promoters rapidly [Liao 
et al, 1997], many developmental processes could be 
recapitulated in this way. Furthermore, gfp transgenic 



lines will also facilitate the studies of cell lineage and 
cell migration if GFP is expressed in a tissue-specific 
manner, gfp transgenic zebrafish, particularly under a 
ubiquitous promoter, will also be valuable for cell 
transplantation and nuclear transplantation experi- 
ments because the GFP and the gfp transgene can be 
conveniently used as cellular and genetic markers. 

The zebrafish has become an increasingly popular 
model for vertebrate developmental analysis. Although 
the use of zebrafish as an experimental model has many 
advantages, there are also several drawbacks. One 
drawback is the relatively low number of the cloned 
genes as compared with other model organisms. This 
problem has been partially alleviated by a massive 
cloning strategy of using an EST approach [Gong et al, 
1997; Gong, 1998]. Another drawback is the lack of in 
vitro ceil lines derived from the zebrafish. To overcome 
the second problem, a transgenic approach will be 
useful. For example, using a tissue- or cell type-specific 
promoter to drive an oncogene, tissue-specific tumor 
could be developed from transgenic zebrafish, and 
immortalized zebrafish cell lines may be established in 
this way, as demonstrated in transgenic mice [Efrat et 
al, 3988]. Thus, characterization of more tissue specific 
zebrafish gene promoters is important and valuable at 
this stage of zebrafish developmental biology. 
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Asynchronous Activation of 10 Muscle-Specific Protein 
(MSP) Genes During Zebrafish Somitogenesis 
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ABSTRACT In the present study, 10 zebrafish 
cDNA clones coding for muscle-specific proteins 
(MSPs) were characterized and most of them en- 
code fast skeletal muscle isoforms. They are skele- 
tal muscle ot-actin (octal), fast skeletal muscle a- 
tropomyosin (tpma), fast skeletal muscle troponin 
C (tnnc), fast skeletal muscle troponin T (tnnf), fast 
skeletal muscle myosin heavy chain (myhzl), fast 
skeletal muscle myosin light chain 2 (mylz2), fast 
skeletal muscle myosin light chain 3 (mylz3), mus- 
cle creatine kinase (ckm), parvalbumin (pvalb), 
and desmin (desm). Using these cDNA probes, their 
expression patterns in developing embryos and 
adults were compared by Northern blot hybridiza- 
tion and whole-mount in situ hybridization. All of 
the 10 genes are expressed in both embryos and 
adult fish, and the expression is highly abundant in 
skeletal muscle. Among them, octal, tpma, tnnc, 
tnnt, myhzl, mylz2, mylz3 and pvalb, are expressed 
specifically in fast skeletal muscle while ckm and 
desm are expressed in both fast and slow skeletal 
muscles. In addition, tpma, ckm, and desm are also 
expressed in the heart. Ontogenetically, the onset 
of expression of these MSP genes in zebrafish skel- 
etal muscle varies and the expression occurs ros- 
tral-caudally in developing somites. Shortly after 
the expression of myoD, desm is the first to be acti- 
vated at ~9 hpf, followed by tpma (~10 hpf), tnnc 
(-12 hpf), octal (-12 hpf), ckm (-14 hpf), myhzl 
(-14 hpf), mylz2 (-16 hpf), mylz3 (-16.5 hpf), tnnt 
(-16.5 hpf), and pvalb (-16.5 hpf). At later stages 
(after 48 hpf), these MSP genes are also ex- 
pressed in fin buds and head muscles including 
eye, jaw, and gill muscles. Thus, our experiment 
demonstrated the order of expression of the 10 
MSP genes, which may reflect the sequence of 
muscle filament assembly. In spite of the asyn- 
chrony in activation of these MSP genes, the tim- 
ing of expression for each individual MSP gene 
appears to be synchronous to somite develop- 
ment as each somite has an identical timetable 
to express the set of MSP genes. © 2000 Wiley-Liss, 
Inc. 



INTRODUCTION 

Muscle is a popular model system for investigation of 
the mechanism of tissue-specific gene expression. 
Many proteins are expressed uniquely in muscle and 
are called muscle-specific protein (MSP) in this study. 
These include contractile proteins (e.g., a-actins, myo- 
sins, tropomyosins, troponins, and so on) as well as 
soluble muscle proteins and enzymes (e.g., parvalbu- 
min and creatine kinase). A common feature of many of 
these proteins is that they have many isoforms, which 
are generated either from separate genes or by differ- 
ent splicing of the same gene. These isoforms are ex- 
pressed in different muscle fiber types or even in the 
same muscle fiber at different development stages. For 
example, there are at least 10 skeletal myosin heavy 
chain isoforms in mammals (McKoy et al., 1998). Dif- 
ferent myosin heavy chains are expressed in embry- 
onic, neonatal, and adult muscle fibers, as well as in 
fast or slow muscle fiber types (Ontell et al., 1995; 
McKoy et al., 1998). 

In vertebrates, muscles make up much of the mass of 
the body, and are present in close association with 
many organs. On the basis of their structure and func- 
tion, muscles can be classified into three types: skeletal 
muscle, smooth muscle, and. cardiac muscle. During 
vertebrate embryogenesis, skeletal, cardiac, and 
smooth muscle cells arise from different mesodermal 
precursors in different regions of the embryo. The skel- 
etal muscle is derived from somites, except for some 
head muscles that appear to arise from cephalic meso- 
derm. The molecular mechanism of muscle cell differ- 
entiation has been well characterized (for review, see 
Molkentin and Olson, 1996; Olson and Klein, 1994). 
Two classes of transcription factors, the myogenic basic 
helix-loop-helix proteins including MyoD, Myogenin, 
Myf5, and MRF4, and several members of MEF2 (myo- 
cyte-specific enhancer factor 2) family, play a crucial 
role in the process. It has been proposed that myoD and 
myfd are muscle determination genes and are ex- 
pressed in proliferating myoblasts while myogenin and 
MRF4 are differentiation genes, which are not ex- 
pressed until myoblast exit the cell cycle in response to 
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mitogen depletion (Olson and Klein, 1994). MEF2 is 
also a key regulator for both the skeletal and cardiac 
muscle lineages and may directly control myogenic 
bHLH genes (Molkentin and Olson, 1996). When mus- 
cle cells are finally differentiated, the set of MSP genes 
are expressed. Both MEF2 and myogenic bHLH tran- 
scription factors are directly involved in activation of 
these MSP genes (Kaushal et al., 1994; Molkentin et 
al., 1995). 

As muscle contractile filaments consist of dozens of 
distinct MSPs, how the genes encoding these proteins 
are coordinately regulated to produce the pool of MSPs 
for myofibril assembly remains unclear. Although de- 
tailed expression patterns have been described for 
some individual MSP genes (Ontell et al., 1995) and 
expression of selected MSPs were compared in in vitro 
cultured muscle cells (Gunning et al., 1987; Lin et al., 
1994), no systematic comparison of MSP gene expres- 
sion has been conducted in any in vivo developing 
system. 

The zebrafish, Danio rerio, is particularly feasible for 
analysis of muscle-specific gene expression. The embry- 
onic expression in skeletal muscle is easily observable, 
and an adequate amount of muscle tissue is available 
from adult fish for molecular and biochemical analyses. 
More importantly, it has been demonstrated that the 
fish skeletal muscle development generally follows pat- 
terns typical of all vertebrates (Fishman et al., 1996). 
Previously, by an EST approach, we have identified 
and isolated over 700 distinct zebrafish cDNA clones 
from nearly 3,000 partially sequenced clones (Gong et 
al., 1997; Gong, 1999; and unpublished data). Many of 
these identified clones encode zebrafish MSPs. In this 
study, 10 zebrafish MSP cDNA clones, most of which 
encode skeletal muscle isoforms, were selected and 
used for comparative studies of their expression pat- 
terns in skeletal muscle development in zebrafish. We 
found that these MSP genes are activated asynchro- 
nously and follow a temporal order. Thus, these genes 
may be used as molecular markers for different stages 
of skeletal muscle development. 

RESULTS 

Muscle Specific Protein (MSP) cDNA Clones 

Ten MSP cDNA clones were chosen for this study. 
Among the 10 clones, 9 were our EST cDNA clones 
derived from either an embryonic (E) or an adult (A) 
cDNA library (Gong et al., 1997). They are E442 (octal 
codes for a skeletal muscle a-actin), E371 (tpma for a 
fast skeletal muscle a-tropomyosin), A354 {tunc for a 
fast skeletal muscle troponin C), E134 (tnnt for a fast 
skeletal muscle troponin f), E68 {myhzl for a fast 
skeletal muscle myosin heavy chain), E94 (mylz3 for a 
fast skeletal muscle myosin light chain 3), E72 (mylz2 
for a fast skeletal muscle myosin light chain 2), E146 
(ckm for a muscle creatine kinase), and E465 (pvalb for 
a parvalbumin). A desmin cDNA clone (desm), which 
was isolated by screening the same zebrafish embry- 
onic library, was also included. Seven of the cDNA 



clones (octal, tpma, tunc, tnnt, myhzl, mylz2 and 
mylz3) encode myofibril contractile proteins, which in- 
clude most of the major contractile proteins in the thin 
and thick filaments. The desm clone encodes a type III 
intermediate filament protein that links myofibrils into 
bundles in muscle cells (Yang and Makita et al., 1996). 
ckm and pvalb encode soluble proteins. Muscle creatine 
kinase is a small soluble enzyme and is crucial in 
generating ATP from stores of creatine phosphate dur- 
ing muscle contraction (Trask et al., 1988), while parv- 
albumin, an acidic Ca ++ - and Mg ++ -binding protein, 
acts as a cytosolic Ca ++ buffer and plays a role in 
muscle relaxation (Pette and Staron, 1990). All se- 
lected cDNA clones were sequenced completely. Except 
for the myhzl clone, all contain full-length coding re- 
gion. The sequence information and their Genbank ac- 
cess numbers are summarized in Table 1. The full- 
length sequence of mylz2 (previously named MLC2f) 
and desm cDNAs has been reported previously (Xu et 
al., 1999; Loh et al., 2000). The tpma cDNA sequence is 
essentially identical to the previously reported tropo- 
myosin cDNA sequence (Ohara et al., 1989) and thus 
may be derived from the same zebrafish gene. The rest 
of seven zebrafish cDNA sequences are reported for the 
first time. 

Tissue Distribution of MSP mRNAs 

To examine the tissue distribution of mRNAs from 
the 10 selected MSP genes, Northern blot hybridization 
was carried out. Total RNAs were prepared from sev- 
eral adult tissues including the heart, brain, eyes, gills, 
intestine, liver, trunk skeletal muscle, ovary, skin, and 
testis. As shown in Figure 1, all of the 10 genes were 
expressed predominantly or specifically in the trunk 
skeletal muscle. For tunc, actal, myhzl, mylz2, mylz3, 
tnnt, and pvalb genes, their mRNAs were only detected 
in the trunk skeletal muscle; while desm, tpma, and 
ckm mRNAs were also presented in the heart. In some 
cases, faint hybridization signals were also detected in 
the skin, which was likely due to contamination with 
muscle tissue when the skin sample was prepared. To 
monitor the even-loading of RNA samples from differ- 
ent tissues, an identical blot was made and hybridized 
with a ubiquitous probe derived from a $-actin cDNA 
clone (our EST clone E43). As shown at the bottom of 
Figure 1, a 1.8-kb transcript was detected in all tissues. 
In the heart and the skeletal muscle samples, a second 
transcript of about 1.5 kb was also detected and they 
were likely derived from the cardiac and skeletal a-ac- 
tin genes, respectively, due to cross-hybridization with 
the $-actin cDNA probe. 

Developmental Accumulation of MSP mRNAs 

To examine the temporal expression of the 10 MSP 
genes, total RNAs were extracted from 8 different 
stages of zebrafish embryos from 12 hpf (6-somite 
stage) to 72 hpf (hatched fry), as well as from adult fish. 
Northern blot hybridization was then performed. As 
shown in Figure 2, expression of desm was the first to 
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Most homologous cDNA 
(species, Genbank access no 



sequence Insert Coding region i 
identity length (aa) (F, full 



A354 
E134 



actin, alpha 1, actal 

skeletal muscle 
alpha tropomyosin tpma 



troponin C, fast 
skeletal muscle 

troponin T, fast 
skeletal muscle 



myosin, heavy 
polypeptide 1, 
fast skeletal 
muscle 

myosin, light 
polypeptide 3, 
fast skeletal 
muscle 

myosin, light 



fast skeletal 
muscle 
creatine kinase, 



E146 

muscle 
E465 parvalbu 

Desmin desmin 



pvalb 



Skeletal a-actin (carp, 



Fast skeletal muscle ot- 

tropomyosin (zebrafish, 

M24635) 
Fast skeletal troponin C 

(Xenopus, AB003079) 
Fast myotomal muscle 

troponin T (salmon, 

AF072687) 
Fast skeletal muscle myosin 

heavy chain (carp, 



Fast skeletal muscle myosin 
light chain 3 (carp, 
AI353819) 



Muscle creatine kinase (carp, 



Farvalbumin (sahnon } 
X97825) 

n (chicken, AB011672) 



99.7 


1,284 


377 (F) 


100 


1,246 


284 (F) 


82.4 


970 


160 (F) 


80.3 


1,098 


230 (F) 


91.9 


1,346 


423 


94.0 


946 


151 (F) 


85.7 


1,386 


169 (F) 


94.5 


1,542 


381 (F) 


79.8 


606 


109 (F) 


60.1 


1,798 


473 (F) 



AF180890 
AF180889 



(F) AF081462 



a All gene names and abbreviations have been approved by the Zebrafish Nomenclature C 



be detected among the 10 MSP genes. The desm mRNA 
appeared prior to 12 hpf and increased slightly during 
development. The expression of other 9 MSP genes was 
initiated later and increased rapidly during the early 
embryonic development. The tpma, tnne, and actal 
mRNAs started to appear in embryos at —14 hpf, fol- 
lowed by the ckm mRNA at -18 hpf, the mylz2 mRNA 
at —20 hpf; Finally, the myhzl, mylz3, tnnt, and pvalb 
mRNAs were expressed between 20 to 24 hpf. Another 
ubiquitous probe derived from an acidic ribosomal 
phosphoprotein P0 (arp) cDNA clone, which was ex- 
pressed constantly during this period of embryogenesis 
(Ju et al., 1999), was hybridized to an identical RNA 
blot to monitor the quantity of RNA and to ensure the 
even loading of all RNA samples (Fig. 2, bottom). It is 
noteworthy from Figure 2 that almost all of these MSP 
genes were expressed weaker in adult fish than in 
developing embryos, except for the ckm gene, whose 
expression increased steadily from embryo to adult. 

Therefore, as demonstrated in Figures 1 and 2, these 
MSP genes appear to be expressed in both developing 
embryos and adults. This conclusion is also supported 
by the fact that at least eight of the 10 MSP genes, 
tpma, time, actal, ckm, myhzl, mylz2, tnnt, and pvalb, 
were represented by EST clones from both embryonic 
and adult cDNA libraries (Gong et al., 1997; unpub- 
lished data). It is well known that many of the MSP 
genes have isoforms differentially expressed tempo- 



rally and spatially (e.g., Ennion et al., 1999; Lu et al., 
1999). Although there is no indication of cross hybrid- 
ization using our probes under our hybridization con- 
ditions, we can not completely rule out the possibility of 
the presence of highly homologous isoforms that might 
hybridize to our probes. This will be clarified when 
more MSP cDNA clones are available in the future. 

Ontogenetic Expression of MSP Genes 
During Somitogenesis 

To investigate the detailed expression patterns of the 
10 MSP genes in developing embryos, whole-mount in 
situ hybridization was carried out with embryos of 
various somitogenesis stages. Because the expression 
of myoD mRNA has been well characterized (Weinberg 
et al., 1996), the myoD probe was also included for the 
comparative study. As reported by Weinberg et al. 
(1996), myoD mRNA was first detected around 7 hpf in 
adaxial cells as two continued lines along the notochord 
before somite formation, as illustrated by an example 
of an 11 hpf embryo hybridized with the myoD probe 
(Fig. 3A-C). Similarly, desm, the earliest MSP gene we 
examined, were also expressed in adaxial cells about 2 
hr after myoD expression at about 9 hpf. An example of 
early expression of desm at 11 hpf is shown in Figure 
3D-F. By 13 hpf (8-somite), myoD expression was ex- 
tended laterally in formed somites as well as in pre- 
somitic regions (Fig. 3G), while at the same stage the 
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. 1.6 kb 

- 1.21* 



-1.5kb 
- 1.0kb 



- 1.2 kb 

- 1.0 kb 



- 1.8kb 
-1.5 kb 



Fig. 1. Tissue distribution of the 10 MSP mRNAs in adult zebrafish. 
Total RNAs were prepared from various adult tissues as indicated at the 
top of each lane and fractionated by formaldehyde-agarose gel electro- 
phoresis. Ten micrograms of RNA were loaded in each lane and hybrid- 
ized with individual MSP cDNA probes as indicated on the left of each 
panel. The sizes of major hybridized transcripts are indicated on the right. 
An identical RNA bfot was hybridized with a ubiquitously expressed 
0-aef/r) probe to monitor the quantity and quality of the RNAs (bottom). 



lateral extension of desm expression was much less and 
limited only to the formed somites (Pig. 3J). Cross- 
sectioning of the in situ hybridized embryos indicated 
that the expression of myoD was extended also more 



dorsally than desm expression (Fig. 3H,K). The second 
earliest MSP gene, tpma, showed a similar expression 
pattern as that of desm (Fig. 3M-0). 

For a thorough comparison of the expression pat- 
terns of the 10 MSP genes, the lateral view of the in 
situ hybridized embryos at various somitogenesis 
stages is shown in Figure 4 and the information about 
their expression is summarized in Tables 2 and 3. All of 
the 10 MSP genes were activated rostral-caudally in 
developing somites. Consistent with the observation 
from the northern blot hybridization (Fig. 2), desm 
mRNA was the first to be detected and appeared at ~9 
hpf. From 10 to 12 hpf, when the first anterior 6 
somites were rapidly formed, the desm transcript sig- 
nal was intensified and extended more posteriorly (Fig. 
4A,B). At 10 hpf, tpma mRNA started to be detected 
and the signal became more intensified at 12 hpf (Fig. 
4F). Another MSP gene, tunc, started to express at the 
same position as two faint lines at 12 hpf (Fig. 4J). 

Starting from 12 hpf until 30 hpf, two somites are 
formed each hour in a regular interval (Hanneman and 
Westerfield, 1989; Kimmel et al., 1995; Westerfield, 
1994). The number of lateral bands of cells containing 
desm, tpma, and tnnc mRNAs increased with the in- 
crease of somites number. By 14 hpf, when 10 somites 
were formed, the desm and tpma transcripts were de- 
tected in all of the 10 somites (Fig. 4C,G), while strong 
expression of tnnc transcript was observed in the first 8 
somites and faint expression in the last 2 somites (Fig. 
4K). Similarly, octal transcript was also observed as 8 
strong bands and 2 faint bands (Fig. 4N), suggesting 
that actal was activated at about the same time as 
tnnc, though its transcript was not detected until 14 
hpf stage, probably because the initial expression in 
the first few somites was too weak to be detected using 
a short 3' UTR probe (180 bp). Both tnnc and actal 
were also expressed in adaxial cells prior to somite 
formation. 

At 14 hpf (10-somite), ckm and myhzl mRNAs were 
detected only in the first 6-7 somites (Fig. 4Q,T). Like 
the early four MSP genes, myhzl was also expressed in 
the posterior adaxial cells in the unsegmented region 
(Fig. 3P). However, the ckm mRNA was detected only 
after the formation of somites, and there was no appar- 
ent expression in the unsegmented lateral mesoderm 
(Fig. 3Q). Other MSP genes, including mylz2, mylz3, 
tnnt, and pvalb, showed a similar expression pattern as 
ckm but were activated later. mylz2 mRNA was first 
detected at 16 hpf (Fig. 4W) while the transcripts of the 
other three MSP genes, mylz3, tnnt, and pvalb, were 
not detected until 16.5 hpf (15-somites) (Fig. 4Y and 
data not shown). 

Therefore, it is apparent that these MSP genes are 
asynchronously activated during somitogenesis. In 
general, the in situ hybridization data are consistent 
with the observation made by Northern hybridization 
in terms of the temporal expression programs of these 
MSP genes, except the followings. First, for all the 
genes studied, the initial detection of their expression 
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is earlier by in situ hybridization than by Northern blot 
hybridization, apparently because the in situ hybrid- 
ization approach is more sensitive. Second, while in 
Northern blot hybridization, the myhzl transcript is 



? ? 8 



desmin 



lisiHr 



actal 
ckm 

mylz2 
mylz3 
myhzl 
tnnt 
pvalb 




detected later than mylz2 and mylz3, in situ hybridiza- 
tion reveals that it is expressed slightly earlier than 
mylz2 and mylz3. The simple explanation might be 
that the initial expression of myhzl mRNA is too low to 
be detected by Northern blot hybridization. 

Based on whole-mount in situ hybridization (Fig. 4 
and data not shown), the numbers of somites showing 
positive hybridization signals for each of the 10 MSP 
probes are summarized for various stages of somito- 
genesis (Table 2). Several interesting conclusions can 
be drawn from this comparison. First, the number of 
somites expressing a given MSP gene increased at 
about the same rate as the number of somite formed 
during somitogenesis. For example, from 16.5 hpf to 
18.5 hfp, 4 new somites are formed and the number of 
somites expressing each MSP mRNA also increases by 
~4. Second, for each MSP probe, the number of poste- 
rior somites negative for the hybridization signal re- 
mains constant during somitogenesis. For example, 
there were two and four unhybridized somites for the 
ckm and mylz2 probes, respectively, and these num- 
bers remain the same from 14-somite to 19-somite 
stages. However, when a MSP gene is just activated in 
the first 6-7 somites, the signal is generally weak and 
thus the number of hybridized somites may be under- 
estimated. Therefore, the activation of these MSP 
genes appears to be synchronous to the differentiation 
state of developing somites. Hence, the number of 
somites expressing certain MSP gene can be used as an 
index to determine the order and timing of MSP gene 
expression. Because the pace of formation of a new 
somite is constant at one somite per half hour between 
12-25 hpf, we, based on the number of unhybridized 
somites and the initial timing of activation, can deduce 
the timing of the MSP gene activation relative to the 
formation of a somite (Table 3). The time span for 
activation of these 10 MSP genes is 10 hr, duration of 
formation of 20 somites. The earliest MSP gene, desm, 
is activated about 4 hr prior to somite formation 
whereas the latest, pvalb, 6 hr after somite formation. 

Expression of MSP Genes in Fast and 
Slow Muscles 

Different MSP genes also show different expression 
regions in zebrafish skeletal muscle, actal, tpma, tunc, 
myhzl, mylz2, mylzB, tnnt, and pvalb transcripts were 
detected only in the fast skeletal muscle, as exemplified 



Fig. 2. Developmental accumulation of the 1 0 MSP mRNAs in devel- 
oping zebrafish embryos. Total RNAs were prepared from zebrafish 
embryos of various stages from the beginning of somitogenesis {12 hpf) 
to hatched fry (72 hpf) and fractionated by formaldehyde-agarose gel 
electrophoresis. Ten micrograms of RNA were loaded in each lane and 
hybridized with individual MSP cDNA probes as indicated at the left of 
each panel. The stages of embryos are indicated at the top of each lane; 
adult, RNA was prepared from whole adult fish. An identical RNA blot was 
hybridized with a ubiquitously expressed acidic ribosomai phosphopro- 
tein (arp) probe to monitor the quantity and quality of the RNAs (bottom). 
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in Figure 5 A-D and M-P for mylz2 and myhzl, respec- 
tively. No expression was detected in already migrated 
slow skeletal muscle cells, which were determined by 
the lack of staining in the horizontal myoseptum that 
contains muscle pioneers, a subset of slow muscle cells 
(side view in Fig. 5B,N), and by the lack of staining in 
the monolayer of superficial muscle cells (Fig. 5C,0), as 
denned by Devoto et. al. (1996) using an antibody 
against a slow muscle myosin. One of our EST clones 
(A14, smbpc) encoding a slow myosin binding protein C 
was also used for in situ hybridization to define slow 
muscle and the result is shown in Figure 5I-L. In 
contrast, desm mRNAs were expressed in both the 
superficial muscle cells and the deep portion of the 
myotome (Fig. 5E,F). Similar results were also ob- 



served for ckm mRNA (data not shown). Thus, desm 
and ckm were expressed in both fast and slow muscles. 
To confirm the expression in fast and slow muscles, 
two-color in situ hybridization was carried out using a 
MSP probe and the smbpc probe (Fig. 5D,H,L,P). In 
addition, myhzl was also expressed in the transverse 
myosepta but not in the horizontal myosepta (Fig. 5N). 

Expression of MSP Genes in 
Late Embryogenesis 

Developmental expression of the 10 zebrafish MSP 
genes was also examined in late embryogenesis up to 
72 hpf. All the 10 mRNAs were detected in fin buds and 
head muscles including eye, jaw, and gill muscles, 
which, like the trunk deep skeletal muscle, are also 
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10hpf 12hpf 14hpf 16-16.5hpf 1S.5hpf 

(6 somites) (10 somites) (14-15 somites) (19 somites) 




Fig. 4. Ontogenic expression of the 10 zebrafish MSP genes as hpf (A), 12 hpf (B, F, J), 14 hpf (C, G, K, N, Q, T), 16 hpf (O, U, W), 16.5 

detected by whole-mount in situ hybridization. Embryos were hybridized hpf (D, H, L, R, Y ), and 18.5 hpf (E, I, M, P, S, V, X, Z, A', B'). Embryos 

with desm (A-E), tpma (F-l), tnnc (J-M), actal (N-P), ckm (Q-S), myhzl are viewed laterally, anterior to the left, and are at the same magnifica- 

(T-V), mylz2 (W, X), mylz3 (Y, 2), font (A'), and pvalb (B') probes, tion. 
respectively. Vertical panel columns^how embryos at the same stage: 10 



TABLE 2. Numbers of Somites Expressing MSP mRNAs as Detected by Whole Mount In Situ Hybridizatioi 
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TABLE 3. Timing and Specificity of MSP Gene 
Activation in Zebrafish Embryos 8 



tnnc 

actal 

ckm 

myhzl 

mylz2 

pvalb 



Initial 


No of 


Timing of 
activation 
<hr) 


Types of 


detection 
(hpf) 


somites 
unstained 


expressing 
muscles* 


~9 


0 


<~4) 


F, S,C 


-10 


0 


(-3) 


F 


-12 


0 


(-1) 


F 


12-14 


0 


(-1) 


F 


-14 


2 


-1 


F, S,C 


-14 


2 


-1 


F 


-16 


6 


-3 


F 


-16 




-3 


F 


-16.5 


10 


-5 


F 


-16.5 


12 


-6 


F 



a Timing of activation relative to the formation of the somite 
(0 h). Hours in parentheses indicate the time before the for- 
mation of visible somites. *F, fast skeletal muscle; S, slow 
skeletal muscle; C, cardiac muscle. 



striated fast muscles. Their expression in these areas is 
exemplified in Figure 6A and B, where a 72-hpf embryo 
was hybridized with the mylz2 probe; this pattern on 
head muscles is essentially identical to that described 
by Schilling and Kimmel (1997). The other nine MSP 
mRNAs also showed the same pattern of expression at 
this stage (date not shown). As the 10 MSP genes are 
expressed sequentially in somite muscles, the same 
order of sequential expression is probably also true for 
head muscles. For example, at 60 hpf, desm mRNA (the 
earliest) was presented in several pairs of head mus- 
cles including adductor mandibulae (am), medial rec- 
tus (mr), intermanibularis anterior (ima), interman- 
dibularis posterior (imp), and interhyideus (ih) (Fig. 
6C); while pvalb mRNA (the latest) was detected only 
in am (Fig. 6D). Ontogenetieally, am appears at 53 hpf, 
mr and ih at 58 hpf, and ima and imp at 62 hpf (Schill- 
ing and Kimmel, 1997); thus, it is apparent that desm 
is expressed earlier than pvalb in these head muscles. 
The differential expression of other intermediate MSP 
genes was difficult to capture as the time interval of 
appearance of a pair of new head muscles was gener- 
ally more than 4 hr, which was much longer than the 
time difference of the expression of different MSP 



genes as measured in the rapidly developing somite 
muscles (one somite per 0.5 hr). 

In addition, desm and ckm transcripts were also de- 
tected in the heart (Fig. 6E and F), which is consistent 
with the Northern blot data on tissue distribution of 
MSP mRNAs in adult fish. However, although tpma 
mRNA was detected in adult heart tissues (Fig. 2), no 
expression was detected in the embryonic heart up to 
72 hpf. 

DISCUSSION 
Asynchronous Expression of MSP Genes 

In this study, 10 zebrafish cDNA clones encoding 10 
different MSPs were selected and characterized. All of 
the 10 MSP genes are specifically or predominantly 
expressed in skeletal muscle of both embryos and adult 
fish. However, the initial activation time of these MSP 
genes in zebrafish skeletal muscle development varies 
from 9 to 16.5 hpf. As demonstrated by whole-mount in 
situ hybridization, desm was the first to be activated at 
~9 hpf, followed by tpma, tnnc, actal, ckm, myhzl, 
mylz2, mylz3, tnnt, and pvalb, in this order. Based on 
the timing and pattern of their expression during somi- 
togenesis, the 10 MSP genes can be roughly classified 
into three groups, desm, tpma, tnnc, and actal belong 
to the early gene group and they are expressed in all 
formed somites and also in adaxial cells prior to and 
shortly after somite formation, ckm, myhzl, mylz2 and 
mylz3 are intermediate genes and their expression is 
absent in the last 2-6 formed somites; i.e., they are 
activated within 3 hr after somite formation, tnnt and 
pvalb are late genes and their expression occurs 5— 6 hr 
after somite formation (Table 3). Thus, these MSP 
cDNA clones can be used as molecular markers for 
different stages of skeletal muscle development. 

Despite the ontogenetic asynchrony in activation of 
the 10 MSP genes, the program of activation of these 
genes seems to be synchronous to the differentiation of 
somite and thus each somite likely follows an identical 
gene activation program for the 10 sequentially ex- 
pressed MSP genes. The same order of expression of 
the 10 MSP genes is probably maintained for other 
skeletal muscles such as head muscles. From the ex- 
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pression sequence of the MSP genes, it is interesting to 
note that almost all MSP genes encoding thin filament 
proteins (aetin, tropomyosins, and troponin C) are ex- 
pressed earlier than the genes for thick filament pro- 
teins (myosin heavy chain and light chains) and muscle 
creatine kinase, an enzyme mainly associated with the 
thick filaments (Otsu et al, 1989). Whether this order 
of expression also reflects the assembly sequence of 
skeletal muscle filament will be of interest to deter- 
mine. It has been suggested that thin and thick fila- 
ments assemble independently in muscle cells and it is 
likely that the thin filaments appear earlier than the 
thick filaments (Epstein and Fischman, 1991; Holtzer 
et al., 1997). Thus, our data are consistent with the 
model of myofibril assembly. Unexpectedly, the mRNA 
for another thin filament protein, troponin T, appeared 
quite late, which may indicate that it is not required for 
early assembly of the thin filaments. Alternatively, it is 
also possible that there is another copy of zebrafish 
gene for troponin T that may be expressed earlier. 
Because the first muscular contractions occur at 17- 
somite stage (17.5 hpf) (Kimmel et al., 1995), which is 
shortly after the ontogenetic activation of all the 10 
MSP genes characterized, it is possible that zebrafish 
skeletal muscle is not functional until all the structural 
proteins are synthesized. 

It is also interesting to note that several early MSP 
genes, including desm, tpma, tnnc, actal and myhz, are 
expressed in adaxial cells even before the formation of 
somites and their migration. These adaxial cells would 
migrate to the superficial layer of somite and form slow 
muscle shortly after somite formation (Devoto et al., 
1996). In the well-formed somites, however, only desm 
mRNA was detected in the superficial slow muscle 
layer, where no transcript from tpma, tnnc, actal, and 
myhzl was detected. This observation indicated that 
the differentiating slow muscle initially expressed fast 
muscle isoforms of these proteins and ceased the ex- 
pression during or after cell migration. Because the 
intermediate and late MSP genes are expressed only 
after the start of migration, it is not clear whether 
these fast isoform genes are also initially expressed in 
differentiating slow muscle. 

Among these genes studied, desm is of much interest 
because the initiation of its expression in zebrafish 
embryos occurs much earlier than other MSP genes, 
even before the formation of somites. In fact, previous 
studies have revealed that desmin. is one of the earliest 
known myogenic markers and one of the first muscle- 
specific proteins to appear during mammalian embry- 
onic development (Buckingham, 1992). Comparison of 
amino acids sequence of Desmins from different species 
indicates that they contain a potential bHLH domain, 
which shares significant homology with the bHLH do- 
mains of the myogenic transcription factors of MyoD 
type, implying that Desmin could be directly or indi- 
rectly involved in muscle gene regulation (Li and Ca- 
petanaki, 1994). This possibility was supported by the 
antisense BNA inhibition experiment. When desm an- 



tisense mRNA was injected into mouse embryos, myo- 
genic differentiation, myoblast fusion, and myotube 
formation were all inhibited, coupled with the down- 
regulation of myogenic factors, MyoD and Myogenin (Li 
et al., 1994). The fact that zebrafish Desmin shares the 
same homology in the myogenic bHLH domain (data 
not shown) and that initiation of its transcription pre- 
cedes appearance of other MSP mRNAs during devel- 
opment suggests that Desmin may play the same reg- 
ulatory role in the piscine system, 

pvalb is another gene of interest. Two subclasses of 
parvalbumins have been described, a (pi above 5.0) 
and p (pi below 4.5) (Goodman and Pechere, 1977). 
Both a and $ parvalbumins are found in muscle 
tissues of fish and frog, the lower and cold-blooded 
vertebrates. In contrast, chicken, rabbit, rat, and 
human muscle tissues express only the a form. 
Whereas a-parvalbumin is abundant in fast-twitch 
muscle fibers of the rat and mouse, human muscles 
only contain very low concentrations of a-parvalbu- 
min, and strong a-parvalbumin expression was 
found in non-muscle tissues such as brain and kidney 
(Fohr et al., 1993). Chicken p-parvalbumin (avian 
thymic hormone; Brewer et al., 1991; Kuster et al., 
1991) is expressed in thymus and blood but not in 
muscle. In this study, a zebrafish parvalbumin was 
identified and according to its sequence alignment 
with carp and Xenopus, it is likely a (3 isoform. The 
zebrafish pvalb is expressed predominantly in fast 
skeletal muscle and its transcription is initiated at a 
late stage of myogenesis. The same phenomenon was 
observed for chicken muscle parvalbumin, which is 
not detectable in the leg muscles until just before 
hatching, lagging behind of the synthesis of most 
contractile' proteins (Lepeuch et al., 1979). It has 
been proposed that the delayed expression of chicken 
parvalbumin may prevent muscle contraction while 
the embryo is in the eggshell (Kay et al., 1987). 
Consistent with this, zebrafish pvalb is activated 
later than most, if not all, MSP genes and its activa- 
tion (16.5 hpf) correlates well to the first contraction 
of skeletal muscle in zebrafish embryos (17.5 hpf) by 
consideration of the lag time for protein translation 
from pvalb mRNA. 

Comparison of Expressions of MSP Genes 
and Myogenic Transcription Factor Genes 

There are two major classes of myogenic transcrip- 
tion factor that are critical for activation of MSP genes. 
One is myogenic basic helix-loop-helix (bHLH) proteins 
such as MyoD and Myogenin. The other is MEF2 (myo- 
cyte-specific enhancer factor 2) family of MADS-box 
transcription factors (Molkentin et al., 1995; Molkentin 
and Olson, 1996). Several members from both classes 
have been studied previously in zebrafish (Weinberg et 
al., 1996; Ticho et al., 1996). The expression oimyoD is 
initiated in the embryos at 7-7.5 hpf, and of myogenin 
at 10.5 hpf (Weinberg et al., 1996). Three MEF2 genes, 




MEF2A, MEF2C, and MEF2D, have been character- 
ized in zebrafish. MEF2D mRNA is the first among the 
three to be detected, appearing at 8.5 hpf; while 
MEF2A mRNA is first detected at 10 hpf and MEF2C 
mRNA at 12 hpf (Ticho et al., 1996). The expression of 
these myogenic transcription factors shares the same 
spatial pattern with those early MSP genes, beginning 
in the adaxial cells and progressing in the developing 
somites. At late stages of embryos, myoD mRNA is also 
detected in the fin bud and head muscles, and so are 
the three MEF2 transcripts, consistent with our 
present observation on MSP genes. In addition, 
MEF2A and MEF2C are also expressed in the heart 
and they are the early markers of the cardiac cell 
lineage. 

By combination of our present work on MSP gene 
expression, the temporal expressions of zebrafish mus- 
cle transcription factor genes and MSP genes are com- 
pared and shown in Figure 7A. In general, muscle 
transcription factor genes are expressed earlier than 
the MSP genes, consistent with their regulatory and 
upstream roles. But there are also exceptions. Aside 



from desm, which may also have a regulatory role and 
is expressed earlier than many transcription factor 
genes, the second earliest MSP gene, tpma, is ex- 
pressed only after myoD and MEF2D genes, implying 
that tpma may be activated by fewer muscle transcrip- 
tion factors than other MSP genes. Thus, the activation 
of each MSP gene may require different myogenic tran- 
scription factors. 

MSP genes and myogenic transcription factor genes 
are well characterized in avian and mammalian sys- 
tems. There is also a sequential expression of these 
genes (Buckingham, 1992; Ontell et al., 1995). How- 
ever, the order of expression is not always the same as 
that in zebrafish. Figure 7B summarizes the temporal 
expression of several MSP genes and myogenic genes 
in the mouse. It is interesting to note that several MSP 
genes are expressed even earlier than the myogenic 
determination gene, myoD. Comparing Figure 7A and 
B, we can observe several differences in the temporal 
activation of the MSP genes as well as the myogenic 
transcription factor genes between zebrafish and mice. 
For example, mouse MLC2f transcripts are detected 
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Fig. 6. Expression of MSP genes in late embryogenesis. A: Ventral head, ah, adductor, hyoideus; am, adductor mandibulae; ao, adductor 

view of the rostral part of a 72 hpf embryo hybridized with Vne.mylz2 probe operculi; do, dilator opercuii; hh, hyohyoideus; ih, interhyideus; ima, 

to show its expression in eye, jaw and gill muscles. B: Lateral view of the intermanibularis anterior; imp, intermandibularis posterior; io, inferior 

same embryo as shown in A with the anterior to the left. C: Expression of oblique; lap, levator arcus palatini; mr, medial rectus; PFB, pectoral fin 

desm mRNA in a 60 hpf embryo (ventral view). D: Expression of pvalb bud; psm, presomite musde; pp, protractor pectoralis; vam, vental ab- 

mRNA in a 60 hpf embryo (ventral view). E,F: Lateral view of 48 hpf dominai muscle. The nomenclature of muscles is based on Schilling and 

embryos hybridized with desm (E) and ckm (F) probes, respectively, to Kimmel (1997). 
show their expression in the developing heart as Indicated by an arrow- 
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A Zebrafish 

Somite No. 
hpf 

MSP genes 
desmin 

acta! (a-actin) 
ckm (MCK) 
myhzi(MHC) 
my]z2 (MLC2J) 
myh$(MLC3j) 



myogenic transcription factor genes 



MEF2A 
MEF2C 



B Mouse 

dpc 

MSP genes 
desmin 
a-actin 



MLClf 

MLC3f 

MLC2f 

MCK 

myogenic transcription factor genes 

myogenin 

" — — 

MRF4 

MEF2A 

MEF2B 

MEP2C 

MEF2D 



Fig. 7. Comparison of temporal appearance of MSP mRNAs with that study for MSP mRNAs, from Weinberg et al. (1996) for myoD and 

of myogenic transcription factor mRNAs in zebrafish (A) and mice (B). myogenin mRNAs, and from Ticho et al. (1996) for MEF2 mRNAs. The 

Arrow lines indicate time span of expression for the embryonic stages mouse data were compiled from Buckingham (1992), Faerman and Shani 

that are defined by the number of formed somites and hours post ferlil- (1993), Li et al. (1993), Ontell et al. (1995), and Molkentin and Olson 

ization (hpf) in zebrafish and days post coitum (dpc) in mice. Dotted line (1996). When the mouse gene names are different from those of ze- 

indicates weak expression. The zebrafish data were collected from this brafish, the corresponding names are indicated in parenthesis in A. 
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prior to the activation of myoD gene and serves as an 
early marker for muscle differentiation. However, ze- 
brafish mylz2 (MLC2f) transcripts are detected much 
later than myoD gene, and serve as an intermediate 
marker for muscle differentiation. It is also worth not- 
ing that the zebrafish genome might have been dupli- 
cated compared to mammalian genomes (Amores et al., 
1998; Postlethwait et al., 1998). Thus, there may be an 
additional othologous gene in zebrafish that is ex- 
pressed earlier, at a time equivalent to the expression 
of the mouse ortholog. 

Why different MSP genes are activated at different 
times is still not clear. Recent studies indicate that at 
least some of the MSP genes are cooperatively acti- 
vated by MEF2 and myogenic bHLH transcription fac- 
tors (Molkentin et al., 1995; Molkentin and Olson, 
1996). Each myogenic regulatory gene, in turn, re- 
sponds differently to external signals, as indicated by 
the fact that each of these myogenic transcription fac- 
tor genes has a distinct pattern of expression (Bucking- 
ham, 1992). Because the MSP genes are the direct 
targets of the myogenic transcription factors, the dif- 
ferential expression of the former may result from the 
differential expression of the latter. 

In addition to the temporal divergence, Ticho et al. 
(1996) found that there is also species-specific differ- 
ence in the tissue distribution of MEF2 genes among 
zebrafish, mouse, and Xenopus. For example, in ze- 
brafish, no MEF2D transcript is detected in the heart, 
while MEF2D are expressed in cardiac muscles of both 
Xenopus and mouse. Similarly, while Faerman and 
Shani (1993) observed a transient expression of mouse 
MLC2f transcripts in the cardiomyocytes, no zebrafish 
mylz2 (MLC2f) expression could be detected at any 
stage in the heart (Xu et al., 1999; this study). 

Thus, despite the extensive structural and functional 
conservation of the muscle proteins among different 
vertebrate species, their transcriptional regulation in 
early development is divergent both in timing and tis- 
sue restriction. Ticho et al. (1996) suggest that the 
evolution of the genes that encode myogenic transcrip- 
tion factors in vertebrate genome must have preceded 
the evolutionary radiation of fish and mammals, but 
the different regulatory programs that specify the ac- 
tivation of these genes would appear to have evolved 
later. Because most of the MSP genes are likely the 
direct targets of the myogenic transcription factors, 
their expression appears to be also species-specific. Our 
data are consistent with this notion. 

EXPERIMENTAL PROCEDURES 
Zebrafish and Embryos 

Zebrafish were purchased from a local fish farm and 
maintained in our aqaurium. Embryos were collected 
after setting a photoperiod consisting of 14 hr of light 
and 10 hr of dark. The developmental stages were 
presented as hours postfertilization (hpf) at 28.5°C, 
based on Kammel et al. (1995). For in situ hybridiza- 



tion, the number of somites was counted for every 
embryo during somitogenesis stages to ascertain the 
accurate developmental stages prior to fixation in 4% 
paraformaldehyde solution. 

cDNA Clones and Sequence Analysis 

Nine MSP cDNA clones were selected from our EST 
clones, which were isolated from either an zebrafish 
embryonic or an adult cDNA libraries (Gong et al., 
1997). These clones are: E442 (actal), E371 (tpma), 
A354 (tnnc), E134 (tnnt), E68 {myhzl), E72 (mylz2), 
E94 (mylz3), E146 (ckm), and E465 (pvalb). Clones 
derived from the embryonic or adult library were des- 
ignated with E and A respectively. A full-length desm 
cDNA clone, which was previously isolated by screen- 
ing the same zebrafish embryonic library using a PCR 
fragment (Loh et al., 1999) was also included in the 
study. These clones were sequenced from both ends by 
an automated sequencing machine ABI 377 (Per kin 
Elmer) using the ABI Prism dRhodamine Termination, 
Cycle Sequencing Ready Reaction kit. 

Northern Blot Hybridization 

Total RNA was isolated from various tissues of adult 
fish and from embryos of different developmental 
stages using TRIzol reagent (Gibco BRL). The RNA (10 
u.g) was fractionated on 1.2% formaldehyde-agarose 
gels and transferred to GeneScreen membranes (Du- 
Pont-New England Nuclear) as previously described 
(Gong, 1992). The blots were prehybridized at 42°C in 
a hybridization buffer [50% formamide, 5 X Denhardt's 
solution, 4 X SET (1 X SET = 0.15 NaCl, 1 mM EDTA, 
20 mM Tris, pH 7.8), 0.2% NaPPi, 25 mM phosphate 
buffer, 250 ug/ml calf thymus DNA, and 0.5% SDS). 
Hybridization with a 32 P-labeled cDNA probe was per- 
formed in the same hybridization buffer at 42° C over- 
night. Membranes were washed first with 2 X SET/ 
0.1% SDS and finally with 0.2 X SET/0.1% SDS at 65°C 
and exposed to X-ray film for autoradiography. Probes 
were labeled by the Random Primers DNA Labeling 
System (Gibco, BRL). The full-length inserts from the 
selected cDNA clones were used as templates for probe 
labeling except for actal clone. To avoid its cross-hy- 
bridization with the $-actin mRNA, a 3'-UTR probe 
(—120 bp) starting immediately from the termination 
codon, was generated by PCR. 

Whole-mount In Situ Hybridization 

Whole-mount in situ hybridization using a digoxige- 
nin (DIG)-labeled riboprobe was carried out essentially 
as reported by Korzh et al. (1998). The plasmid DNA 
was linearized with Bam HI, followed by in vivo tran- 
scription reactions with T7 RNA polymerase for the 
antisense RNA probe. For actal expression, only the 
3'-UTR was used as probe, similar to that in Northern 
blot hybridization. Some of the stained embryos were 
embedded in 1.5% sucrose/agarose and sectioned on a 
cryostat (15 jjum). Two-color in situ hybridization was 
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performed according to Hauptmann and Gerster 
(1994). 

ACKNOWLEDGMENTS 

We thank Dr. V. Korzh for critical comments on the 
manuscript and for providing the myoD cDNA clone. 
We thank Ms. Yaling Guo for assistance in DNA se- 
quencing. This work was supported by an NUS aca- 
demic research grant to 2.G. Y.X. and X.W. were sup- 
ported by an NUS postgraduate scholarship. 

REFERENCES 

Amores A, FoTce A, Yan Y-L, Joly L, Amemiya C, Fritz A, Ho EK, 
Langeland J, Prince V, Wang YL, Westerfield M, Ekker M, 
Postlethwait JH. 1998. Zebrafish hox clusters and vertebrate ge- 
nome evolution. Science 282:1711-1714. 

Brewer JM, Arnold J, Beach GG, Ragland WL, Wunderlich JK 1991. 
Comparison of the amino acid sequences of tissue-specific paral- 
bumins from chicken muscle and thymus and possible evolutionary 
significance. Biochem Biophys Res Comraun 181:226-231. 

Buckingham M. 1992. Making muscle in mammals. Trends Genet 
8:144-148. 

Devoto SH, Melancon K, Eisen .IS, Westerfield M. 1996. Identification 
of separate slow and fast muscle precursor cells in vivo, prior to 
somite formation. Development 122:3371-3380. 

Ennion S, Wilkes D, Gauvry L, Alami-Durante H, Goldspink G. 1999. 
Identification and expression analysis of two developmental^ reg- 
ulated myosin heavy chain gene transcripts in carp (Cyprinus car- 
pio). J Exp Biol 202:1081-1090. 

Epstein HF, Fischman DA. 1991. Molecular analysis of protein as- 
sembly in muscle development. Science 251:1039-1044. 

Faerman A, Shani M. 1993. The expression of the regulatory myosin 
light chain 2 gene during mouse embryogenesis. Development 118: 
919-929. 

Fishman MC, Stainier DYR, Breitbart EE, Westerfield M. 1997. Ze- 
brafish: genetic and embryological methods in a transparent verte- 
! >r nh lethods Cell Biol - 1 

Fohr UG, Weber BR, Miintenor M, Staudenmann W, Hughes GJ, 
Frutiger S, Banville D, SchSfer BW, Heizmann CW. 1993. Human 
alpha and beta paralbumins Structure and tissue-specific expres- 
sion. Eur J Biochem 215:719-727. 

Gong Z. 1992. Improved RNA staining in formaldehyde gels. BioTeeh- 
niques 12:74-76. 

Gong Z. 1999. Zebrafish expressed sequence tags and their applica- 
tions. Methods Cell Biol 60:213-233. 

Gong Z, Yan T, Liao J, Lee SE, He J, Hew CL. 1997. Rapid identifi- 
cation and isolation of zebrafish cDNA clones. Gene 201:87-98. 

Goodman M, Pechere JF. 1977. The evolution of of muscular paral- 
bumins investigated by the maximum parsimony method. J Mol 
Evo! 9:131-158. 

Gunning P, Hardeman E, Wade R, Ponte P, Bains W, Blau HM, Kedes 
L. 1987. Differentia] patterns of transcript accumulation during 
human myogenesis. Mol Cell Biol 7:4100-4114. 

Hanneman E, Westerfield M. 1989. Early expression of acetylcho- 
linesterase activity in functionally distinct neurons of the zebrafish. 
J Comp Neurol 284:350-361. 

Hauptmann G, Gerster T. 1994. Two color wholemount in situ hybrid- 
izations on zebrafish and Drosophila embryos. Trends Genet 10: 
266. 

Holtzer H, Ryikata T, Lin ZX, Zhang ZQ, Holtzer S, Protasi F, 
Frazini-Armstrong C, Sweeney HL. 1997. Independent assambly of 
16 mm long bipolar MHC filaments and I-Z-I bodies. Cell Struct 
Funct 22:83-93. 

Ju B, Xu Y, He J, Liao J, Yan T, Lam TJ, Gong Z. 1999. Faithful 
expression of green fluorescent protein GFP) in transgenic zebrafish 
embryos under homologous zebrafish gene promoters. Dev Genet 
25:1-10. 



Kaushal S, Schneider JW, Nadal-Ginard B, Mahdavi V. 1994. Acti- 
vation of the myogenic lineage by MEF2A, a factor that induces and 
cooperates with MyoD. Science 266:1236-1240. 

Kay BK, Shah AJ, Halstead WE. 1987. Expression of the Ca z+ - 
binding protein, paralbumin, during embryonic development of 
the frog, Xenopus laevis. J Cell Biol 104:841-847. 

Kimmel CB, Ballard WW, Kimmel SR, Ullmann B, Schilling TF. 1995. 
Stages of embryonic development of the zebrafish. Dev Dyn 203: 
253-310. 

Korzh V, Sleptsova I, Liao J, He J, Gong Z. 1998. Expression of 
zebrafish bHLH genes ngrl and neuroD defines stages of an early 
neural differentiation. Dev Dyn 213:92-104. 

Kuster T, Staudenmann W, Hughes GJ, Heizmann CW. 1991. Par- 
albumin isoforms in chicken muscle and thymus amino acid se- 
quence analysis of muscle paralbumin by tandem mass spectrom- 
etry. Biochemistry 30:8812-8816. 

Lepeuch CJ, Farraz C, Walsh MP, Demaille JG, Fischer EH. 1979. 
Calcium and cyclic nucleotide dependent regulatory mechanisms 
during development of chick embryo skeletal muscle. Biochemistry 
18:153-159. 

Li H, Capetanaki Y. 1994. An E box in the desmin promoter cooper- 
ates with the E box and MEF-2 sites of a distal enhancer to direct 
muscle-specific transcription. EMBO J 13:3580-3589. 

Li H, Choudhary SK, Milner DJ, Munir MI, Kuisk IR, Capetanaki Y. 
1994. Inhibition of desmin expression blocks myoblast fusion and 
interferes with the myogenic regulators MyoD and myogenin. J Cell 
Biol 24:827-841. 

Li Z, Marchand P, Humbert J, Babinet C, Paulin D. 1993. Desmin 
sequence elements regulating skeletal muscle-specific expression in 
transgenic mice. Development 117:947-959. 

Lin Z, Lu MH, Schulthess T, Choi J, Holtzer S, DiLullo C, Fischman 
DA, Holtzer H. 1994. Sequential appearance of muscle-specific pro- 
teins in myoblasts as a function of time after cell division: evidence 
for a consered myoblast differentiation program in skeletal mus- 
cle. Cell Motil Cytoskeleton 29:1-19. 

Loh SH, Chan WT, Gong Z, Lim TM, Chua KL. 2000. Characterization 
of a zebrafish (Danio rerio) desmin cDNA: an early molecular 
marker of myogenesis. Differentiation 65:247-254. 

Lu BD, Allen DL, Leinwand LA, Lyons GE. 1999. Spatial and tempo- 
ral changes in myosin heavy chain gene expression in skeletal 
muscle development. Dev Biol 216:312-326. 

McKoy G, Leger ME, Bacou F, Goldspink G. 1998. Differential ex- 
pression of myosin heavy chain mRNA and protein isoforms in four 
functionally diverse rabbit skeletal muscles during pre- and post- 
natal development. Dev Dyn 211:193-203. 

Molkentin JD, Olson EN, 1996. Combinatorial control of muscle de- 
velopment by basic helix-loop-helix and MADS-box transcription 
factors. Proc Natl Acad Sci USA 93:9366-9373. 

Molkentin JD, Black BL, Martin, JF, Olson EN. 1995. Cooperative 
activation of muscle gene expression by MEF2 and myogenic bHLH 
proteins. Cell 83:1125-1136. 

Ohara O, Dorit RL, Gilbert W. 1989. One-sided polymerase chain 
reaction: the amplification of cDNA. Proc Natl Acad Sci USA 86: 
5673-56777. 

Olson EN, Klein WH. 1994. bHLH factors in muscle development: 

dead lines and commitments, what to leave in and what to leave 

out. Genes Dev 8:1-8. 
Ontell M, Ontell MP, Buckingham M. 1995. Muscle-specific gene 

expression during myogenesis in the mouse. Microsc Res Tech 30: 

354-365. 

Otsu N, Hirata M, Tuboi S, Miyazawa K. 1989. Immunocytochemical 
localization of creatine kinase M in canine myocardial cells: most 
creatine kinase M is distributed in the A-band. J Histochem Cyto- 
chem 37:1465-1470. 

Pette D, Staron RS. 1990. Cellular and molecular diversities of mam- 
malian skeletal muscle fibers. Rev Physiol Biochem Pharmacol 
116:1-76. 

Postlethwait JH, Yan Y-L, Gates MA, Home S, Amores A, Brownlie A, 
Donovan A, Egan ES, Force A, Gong Z, Goutel C, Fritz A, Kelsh R, 
Knapik E, Liao E, Paw B, Ransom D, Singer A, Thomson M, Ah- 



MUSCLE-SPECIFIC PROTEIN GENES IN ZEBRAFISH 



duljabbar TS, Yelick P, Beier D, Joly J-S, Larhammar D, Rosa F, 
Westerfield M, Zon LI, Johnson S, Talbot W. 1998. Vertebrate 
genome evolution and the zebrafish map. Nature Genetics 18:345- 
349. 

Settling TF, Kimmel CB. 1997. Musculoskeletal patterning in the 
pharyngeal segments of the zebrafish embryo. Development 124: 
2945-2960. 

Ticho BS, Stainier DY, Fishman MC, Breitbart RE. 1996. Three 
zebrafish MEF2 genes delineate somitic and cardiac muscle devel- 
opment in wild-type and mutant embryos. Mech Dev 59:205-218. 

Trask RV, Strauss AW, Billadello JJ. 1988. Developmental regulation 
and tissue-specific expression of the human muscle creatine kinase 
gene. J Biol Chem 263:17142-17149. 



Weinberg ES, AJlende ML, Kelly CS, Abdelhamid A, Murakami T, 
Andermann P, Doerre OG, Grunwald DJ, Riggleman B. 1996. De- 
velopmental regulation of zebrafish MyoD in wild-type, no tail and 
spadetail embryos. Development 122:271-280. 

Westerfield M. 1994. The zebrafish book: a guide for the laboratory 
use of zebrafish (Brackydanio rerid). Eugene: University of Oregon 

Xu Y, He J, Tian HL, Chan CH, Liao J, Yan T, Lam TJ, Gong Z. 1999. 

Fast skeletal muscle specific expression of a zebrafish myosin light 

chain 2 gene and characterization of its promoter by direct injection 

into skeletal muscle. DNA Cell Biol 18:85-95. 
YangY, MaiitaT. 1996. Immunocytochcmical localization of desmin 

in human fetal skeletal muscle. J Electron Microsc 45:401-406. 



EXHIBIT 11 



Gong Zhiyuan 



From: Liu Lei 

Sent: Friday, July 24, 1998 1:33 PM 

To: SCI Teaching Staff 

Cc: Tio Gaik Hong 

Subject: FW: PDF for FY1 998-2000 



Dear Faculty Staff, 

Post-Doctoral Fellows (PDF) can be hired to serve the advance research manpower needs of 
existing projects in which equipment and consumables are already available. 

If you would like to hire a PDF for your project (no vacancy for Post-Master Fellows (PMF) at 
the moment), please write in through the Head of Department to Dr Tan Eng Chye, Sub-Dean, 
Faculty of Science. 

In your application, please include the following information: 

• An abstract of the project; 

• Progress to date; 

• Achievement/dehverables; 

• Justification for the need of PDF; and 

• Potential candidates, if any. 

Your write-up should not exceed 5 pages. 

Each department can set its own time-table for submission. All applications should however reach 
the Dean's Office by 15 August 1998. 

If you have any queries, please contact me at extension 8300. 



Jacqueline Liu 
Dean's Office 



Friday, July 24, 11. 
SCI Teaching Staff; SCI Dean's Office SCIOff 
RE:PDFforFY199 



The Policies/Guideiines/Terms & Conditions for PDF and PMF are available on the Science website- 
httpy/www.gcience.nus.edu.sn/Researnh/Pn^t g rad/DdfnoliCT.html 
' " VpmfpQlicy.html 

Pagel 



To: Dr. Tan Eng Chye, 
Dean's Office 
Faculty of Science 



Through: Heads of DBS 



RE: NSTB Postdoctoral Fellowship 



We wish to apply for an NSTB postdoctoral position for our on-going Research Project 
RP960315, entitled "Generation of novel varieties of ornamental fish by 
transgenic expression of green fluorescent protein (GFP)" 

Principal Investigator: Dr. Gong Zhiyuan 
Co-investigator: Prof. Lam Toong Jin 



Abstract 

Original abstract of the project: Ornamental fish is an important export industry in 
Singapore. In the present grant application, we propose to use a modern transgenic 
technique to generate novel varieties of ornamental fish by incorporation and expression of a 
jellyfish gene coding for green fluorescent protein (GFP). During the course of this work, a 
rapid cDNA clone tagging approach, or sequencing randomly selected clones by single run 
sequencing reactions, will be used to isolate and identify zebrafish genes in bulk. Interesting 
promoters will be isolated based on the sequence information from these tagged cDNA 
clones and characterized by transient expression in transgenic zebrafish. Useful promoters 
will be selected to generate stable lines of GFP transgenic zebrafish. The initial phase of this 
research is to focus on the following 5 patterns of GFP expression in transgenic zebrafish: 
ubiquitous expression, muscle specific expression, skin specific expression, heat inducible 
expression and heavy metal inducible expression. 

So far, we have successfully isolated over three hundred non-redundant zebrafish 
genes and six gene promoters including skin specific, muscle specific, ubiquitous, heat- 
shock inducible and heavy-metal inducible gene promoters. By selection of proper gene 
promoters, we have successfully generated skin fluorescent, muscle fluorescent and 
uniformly fluorescent transgenic zebrafish. All these fish show specific patterns of green 
fluorescence. In future, we will also plan to develop multi-color fluorescent transgenic fish. 
In the meantime, we will also plan to use fluorescent transgenic fish to develop biosensor 
systems for monitoring environmental pollution. Efforts will also be made to isolate more 
gene promoters for generation of more varieties of fluorescent transgenic zebrafish. Other 
fish species will also be tested with the gene constructs developped from zebrafish. The 
flurescent transgenic fish will be commercialized and pattened together with the transgenic 
gene constracts and gene promoters. 



Pro gress to date : 

1. So far, we have isolated a few hundred zebrafish genes under this project and these genes 
encode a wide range of proteins located in all cellular compartments and expressed in a wide 
variety of tissues. Thus, these cloned genes provide a rich resource for developmental 
analysis and for isolation of gene promoters. 



2. We have developed a rapid method to isolate gene promoters and so far six gene 
promoters have been isolated: one is from a cytokeratin gene for skin specificity; three for 
muscle specificity from a myosin light chain 2 gene and two muscle creatine kinase genes; 
one from small heat shock protein gene for inducibility by heat shock, heavy metal and 
stress; and one from acidic ribosomal protein PO gene for ubiquitous expression. 

3. We have demonstrated that the skin specific promoter and the muscle specific promoter 
can direct GFP expression correctly in respective tissues by transient transgenic assay and 
the ubiquitous gene promoter also direct a ubiquitous expression of GFP. 

4. Stable line of GFP transgenic fish are being developed. 
Future Work: 

1. We will introduce the heat shock gene promoter to test the inducibility by heat shock and 
heavy metals. A long term objective of the work is to develop a biosensor system for 
monitoring environmental pollution such as heavy metals and toxic chemicals which may 
stress the fish to activate the heat chock gene promoters which in turn drives the expression 
of the green fluorescence gene. Similarly, a hormone inducible promoter such as the one 
from a vitellogenin gene will also be isolated to develop a different biosensor system for 
monitoring pollution from estrogen and its derivatives. 

2. For all transgenic fish, we will demonstrate germ line transformation and ensure the 
stable inheritance and expression of GFP transgene. These will need a few years to 
complete as each generation will take about half year under our laboratory condition and for 
observation of stable transgene transmission, wc should test for at least three generations. 

3. More tissue specific gene promoters will be isolated to generate more varieties of 
transgenic fish, for example, eye specific, fin specific, liver specific, or heart specific etc. 

4. Technique advances make other colorful fluorescence proteins available and these include 
blue fluorescent protein (BFP), cyan fluorescent protein (CFP), and yellow fluorescent 
protein (YFP). These present us the opportunity to generate multiple color fluorescent 
transgenic fish. With the wide range of tissue specific promoters, we will be able to generate 
colorful chimerical transgenic fish, for example, green skin/blue muscle/yellow eyes and 
many other combinations. 

5. Generation of these multiple fluorescence color will need extensive breeding for several 
generations and thus need at least three more years to complete. After we complete the first 
research project by August 1999, we will seek another grant to continue the promising 
fluorescent transgenic fish work. 

6. We will also test all successful zebrafish gene constructs in other fish species to 
investigate their suitability as universal constructs for gene transfer in all fish species. 

7. Development of stable GFP transgenic lines should also be valuable for many other 
studies. Since detection of GFP is a non-invasive approach and expressed GFP can be 
conveniently observed by epifluorescence microscopy, GFP transgenic lines will facilitate 
the study of cell lineage and cell migration if GFP is expressed in a tissue specific manner. 
GFP transgenic zebrafish, particularly under a ubiquitous promoter, will also be valuable 
for cell transplantation and nuclear transplantation experiments because GPP and GFP 
transgene can be conveniently used as cellular and genetic markers for fish cloning. 



Achievements (Dr. Gong's lab): 

Under the present research project, we have isolated over three hundred fish genes 
from over 1,300 randomly selected cDNA clones. Six gene promoters have been isolated 
and characterized. Skin fluorescent, muscle fluorescent and uniformly fluorescent transgenic 
fish have been developed for the founder generation. 

Because of this work, our laboratory has been a world leading laboratory for fish 
gene cloning and is emerging as a world leader for fish gene promoters under the current 
project. Our work has won wide recognition internationally, as evident by the following 
facts: 

' 1. Invitations to international conferences/workshops/scientific program (Dr. Gong): 

a. Selected speaker "Rapid identification and isolation of zebrafish genes by cDNA clone 

tagging" Zebrafish Development & Genetics 1996, Cold Spring Harbor Laboratory, 
U.S.A. April 1996. 

b. Keynote Speaker. "Transgenic fish and marine biotechnology" Asia-Pacific 

Conference on Science and Management of Coastal Environment, Hong Kong, June 
1996. 

c. Invited Speaker, "Sequence tag project in the zebrafish" in Current Advances in 

Defining the Zebrafish Genome, Boston, MA, U.S.A. Feb. 1997. 

d. Session Chair and Invited Speaker, "Zebrafish neuroD, a potential upstream gene 

of the neuroendocrine transcription factor Isl-1". 2nd IUBS Toronto Symposium 
"Advances in the Molecular Endocrinology of Fish" May 16-19, 1997, Toronto, 
Canada. 

e. Advisory Board member, IUBS-RBA (International Union of Biological Sciences- 

Reproductive Biology in Aquaculture) Program. Since May 1997. 

f. Session Chair and Invited Speaker, "Massive cloning of zebrafish genes and then- 

applications ". 7th SCBA International Symposium. July 6-11, 1997, Toronto, 
Canada. 

g. Invited Speaker, "Application of transgenic techniques in fish and shrimp diseases" 

UNESCO workshop on shrimp disease, Oct. 9-14, 1998, Qingdao, China. 

2. Our gene cloning work has received worldwide attention. So far, we have received over 
70 requests (incomplete statistics) for cloned fish genes and libraries from USA, Canada, 
UK, France, Germany, Japan, Russia, China, Korea, New Zealand, Ireland, Hungary, 
Hong Kong and Singapore. 

3. Dr. Gong has been invited to contribute a chapter to describe the method we used for 
rapid isolation and identification of fish cDNA clones by an authoritative book series, 
Methods in Cell Biology (Academic Press). 

4. Dr. Gong has been invited to deposit the tagged zebrafish cDNA clones to ATCC 
(American Type Culture Collection), the world largest non-profit institute for a centralized 
scientific community resource repository. 

5. Our successful generation of fluorescence transgenic fish has attracted intensive attentions 
from the media. It was first covered by an article in a prominent Japanese newspaper 
Nikkei, followed by local newspapers, Straits Times amd Lion He Wan Bao. A television 
interview (AM Singapore) will be followed. 



Deliverables: 

1 . Currently three major research paper has been submitted to or in preparation for top-notch 
international refereed journals. After completion of the project, there should be many more 
to come. Our track record indicates that we have the ability to publish more papers as in the 
past three years since Dr. Gong joined NUS, Dr. Gong's group has published 12 research 
papers in prestigious international refereed journals and two invited articles/book chapters. 
In addition, currently 8 manuscripts have been submitted or are in preparation and the 
complete list of these papers is attached in Appendix A. 

2. Directly under this project, one lab technologist and two postgraduate students have been 
trained. 

3. There are two major applications of transgenic fluorescent fish: one is generation of a 
wide variety of colorful fluorescent fish for ornamental fish industry and the other the 
development of a biosensor system for monitoring environmental pollution such as heavy 
metals and organic chemicals. Because of these obvious commercial potentials, we plan to 
patent the followings at late stage of the project: 

1) fish gene promoters 

2) transgenic DNA constructs 

3) transgenic florescent fish 

Justification : 

1. As our laboratory is emerging as a world leader in fish molecular biology, it is important 
to recruit a postdoctoral fellow (PDF) at this stage to enhance our competitive ability in the 
first league. 

2. A PDF will be also important to help the professor to supervise lab technologists and 
graduate students in a big laboratory. Currently the laboratory consists of 2 lab 
technologists, 8 graduate students and 2 Honors students. From time to time, a few 
undergraduate students will join the lab for short term projects. 

3. Our track record indicates that we can make good use of manpower. Essentially everyone 
who joins the lab can make rapid progress because of our strong and ever-growing research 
program. We have excellent molecular resources for all differ ent kinds of research projects 
in fish biology and essentially all the-state-of-the-art techniq ues i n molecular biolog y. One 
of the best members in the lab, Liao Ji, has published or will publish at least 8 research 
papers during her half year as a lab technologist and one year of Master candidature. 

4. The success of the fluorescent transgenic fish project is largely dependent on the person 
who carries out the gene delivery experiment. This experiment requires a highly specialized 
skill to perform microinjection of DNA into a single cell under a microscope. This skill 
needs a long time of training and unfortunately not everyone can be trained for this skill. 
The postdoctoral candidate, Mr. Ju Bensheng, is one of the few workers in Singapore who 
have such a skill and he is currently employed as a lab technologist (grade B) under the 
present project. However, he has a Master degree from China, has completed a Ph.D 
program in NUS and will have his Ph.D defense on August 14, 1998. It is not possible to 
keep him at the lab technologist position, as he is applying for postdoctoral positions 
overseas vigorously. Dr. Gong has talked to him about the NSTB Postdoctoral Fellowship 
and he is willing to accept the Fellowship to continue the transgenic fish project. To retain 
Mr. Ju in the project is crucial to the final success of transgenic fluorescence fish as he has 
single-handedly set up the transgenic system in our laboratory, and now it is at the stage to 
harvest the fruits after many years of fundamental research . 
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5. Although the current research project (RP960315) will be completed by July 1999, we 
will seek another research grant to continue the promising transgenic fish work. As 
proposed in the Future Work, we plan to extend this project for generation of multi-color 
fluorescent transgenic fish and development of biosensor systems to monitor environmental 
pollution . These works will require tremendous manpower. We plan to keep Mr. Ju at a 
postdoctoral position to supervise the overall transgenic fish project and to perform 
microinjection experiments. As dozens of transgenic fish lines will be generated throughout 
the project, a full time lab technologist will also be needed to maintain these transgenic lines 
including breeding for multiple generations. Hopefully, within two years, Mr. Ju will help 
to train a lab technologist to master the microinjection technique and eventually the latter will 
take over Mr. Ju's duties. In the meantime, one or two postgraduate students will be 
recruited to isolate and characterize more gene promoters. 

6. Currently, Dr. Gong has another research grant (RP3972393) on zebrafish 
developmental biology which will run until March of 2001. Therefore, we should have 
sufficient consumables provision for the PDF's research. In addition, Dr. Gong's lab is 
reasonably equipped with ail necessary instruments for carrying out the work. Other 
essential equipment such as fluorescence microscope, cofocal microscope, and needle puller 
etc. can be accessed within our department. Thus, there will be no extra consumables and 
equipment requested for the new PDF in the, nmrt tw ygart . 

7. Because of our strong expertise in molecular biology and gene cloning, the postdoctoral 
candidate will be trained as an expert for these techniques, which are much needed in the 
current and future job market. Therefore, the candidate should be able to find a position in 
research institutes and biotech companies in Singapore after two years of postdoctoral 
research here. 

Potential Candidate: 

Mr. Ju Bensheng 
Date of birth: Oct. 14, 1966 
Nationality P. R. CHINA 
Marital Status: Married 

Employment 

July 1992- May 1994 Assistant lecturer in Fisheries College, Ocean University of 

Qingdao (OUQ), P.R.CHINA 
Dec. 1 997-present. Lab. Technologist in School of Biological Sciences, National 
University of Singapore 

Education 

June 1994- Dec. 1997 Ph.D. candidate in School of Biological Sciences, National 
University of Singapore 

Thesis submitted and thesis viva to be held on Aug. 14, 

1998. 

July 1992-June 1 994 M. Sc. Fisheries College, OUQ 

July 1989-July 1992 B. Sc Fisheries College, OUQ 
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1) Tokumoto, M., Z. Gong, T. Tsubokawa, C.L. Hew, K. Uyemura, Y. Hotta, and H. 

Okamoto (1995) Molecular heterogeneity among primary motoneurons and within 
myotomes revealed by the differential mRNA expression of novel Islet homologs in 
embryonic zebrafish. Dev. Biol. 171: 578-589. 

2) Gong, Z., K.V. Ewart, Z. Hu, G.L. Fletcher, and C.L. Hew (1996) Skin antifreeze 

protein genes of the winter flounder, Pleuronectes americans, encode distinct and 
active polypeptides without the secretory signal and prosequences. /. Biol. Chem. 
Ill: 4106-4112. 

3) Liao, J., J. He and Z. Gong (1997) An abundant zebrafish cDNA clone encodes a ras- 

like protein which is expressed ubiquitously. DNA Sequence 7:313-317. 

4) Liao, J. and Z. Gong (1997) Sequencing of 3' cDNA clones using anchored oligo dT 

primers. BioTechniques 23:368-370. 

5) Gong, Z., T. Yan, J. Liao, S.E. Lee, J. He and C.L. Hew (1997) Rapid identification 

and isolation of zebrafish cDNA clones. Gene 201:87-98. 

6) He, J., Z. Yin, G. Xue, Z. Gong, T.J. Lam and Y.M. Sin, Production of goldfish 

against Ichthyophthrius multifilis by immunization with a recombinant vaccine (1997) 
Aquacidture 158:1-10. 

7) Liao, J., C.H. Chan and Z. Gong (1997) An alternative linker-mediated polymerase 

chain reaction method using a dideoxynucleotide to reduce amplification background. 
Anal. Biochem. 253:137-139. 

8) Lim, J.H., J. He, V. Korzh and Z. Gong (1998) A new splicing variant of a type III 

POU gene from zebrafish encodes a POU protein with a distinct C-terminal. 
Biochim. Biophy. Acta 1379:253-256. 

9) Postlethwait, J.H., Y.-L. Yan, M.A. Gates, S. Home, A. Amores, A. Brownlie, A. 

Donovan, E.S. Egan, A. Force, Z. Gong, C. Goutel, A. Fritz, R. Kelsh, E. Knapik, 
E. Liao, B. Paw, D. Ransom, A. Singer, M. Thomson, T.S. Abduljabbar, P. 
Yelick, D. Beier, J.-S. Joly, D. Larhammar, F. Rosa, M. Westerfield, L.I. Zon, S. 
Johnson and W. Talbot (1998) Vertebrate genome evolution and the zebrafish map. 
Nature Genetics 18:345-349. 

10) Miao, M., S.-L. Chan, C.L. Hew and Z. Gong (1998) The skin-type antifreeze protein 

gene intron of the winter flounder is a ubiquitous enhancer lacking a functional 
C/EBPa binding motif. FEBS Letters 426: 121-125. 

11) Fletcher, G.L., S.V. Goddard, PL. Davies, Z. Gong, K.V. Ewart and C.L. Hew 

(1998) New insights into fish antifreeze proteins: physiological significance and 
molecular regulation. In: Cold Ocean Physiology (H.O. Portner and R.C. Playle. 
cds.) pp.239-265. 

12) Gong, Z. (1998) Zebrafish expressed sequence tags and their applications. Submitted 

to Methods Cell Biology (zebrafish volume, invited article) 60, In press. 

13) Yan, T., and Z. Gong (1998) Assembly of a complete zebrafish mitochondrial 16S 

rRNA gene from overlapping expressed sequence tags. DNA Sequence In press. 

14) Korzh, V„ I. Sleptsova, I Liao, J. He, and Z. Gong (1998) Expression of zebrafish 

bHLH genes ngrl and neuroD defines stages of an early neural differentiation. Dev. 
Dynamics. In press. 



Manuscript submitted or in preparation: 

15) Garg, R.R., L. Bally-Cuif, S.E. Lee, Z. Gong, X. Ni, C.L. Hew, and C. Peng. 
Molecular cloning of zebrafish activin type ITB receptor (ActREB) cDNA and 
expression of ActRTIB mRNA in embryos and adult. Submitted to Endocrinology. 



16) Xu, Y., J. He, H.L. Tian, C.H. Chan, J. Liao, T. Yan, T.J. Lam and Z. Gong. Fast 

skeletal muscle specific expression of a zebrafish myosin light chain 2 gene and 
characterization of its promoter by direct injection into skeletal muscle. Submitted to 
DNA Cell Biol. 

17) Ju, B., Y. Xu, J. He, J. Liao, T. Yan, T.J. Lam and Z. Gong. Faithful expression of 

green fluorescent protein (GFP) in transgenic zebrafish embryos under homologous 
zebrafish gene promoters. To be submitted to Dev Biol. 

18) Dheen, T., I. Sleptova-Friedrich, Y. Xu, M. Clark, H. Lehrach, Z. Gong and V. 

Korzh. Zebrafish tbx2 plays a role in formation of the midline structures. To be 
submitted to Development. 

19) Wang, H., T.Tan, T. Yan and Z. Gong. A zebrfish cDNA clone encodes a novel 

vitellogenin without a phosvitin domain and represents a primitive vertebrate 
vitellogenin gene. In preparation. 

20) Wang, H. and Z. Gong. Both egg proteins ZP2 and ZP3 mRNAs are synthesized 

specifically in liver in zebrafish. In preparation. 

21) He, J., V. Korzh, Y.M. Sin, T.J. Lam and Z. Gong. A zebrafish vimentin gene is 
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22) Gong, Z., J. Liao, J. He, T. Yan, V. Korzh. Characterization of three novel zebrafish 

cDNA clones encoding neuroD-like basic helix-loop-helix transcription factors and 
their expression in developing nervous system. In preparation. 



TO OF PAGCS'J. 



The National University 

./Singapore URGENT : 



Ki-f: Dean's Office 

Faculty of Science 

27 August 1998 '.,}. 
To: 





iaii ! Comotl Sc. 


DrChen luZon* 




A'?LimTitMeng 




Dr Ding Jim 


BrGi Ruowen 




AJP Xu Gu 


i Chemistry 


Dr Xit Giro Qin 




Dr Li Y i 




A/PAndyHor 


Physics 


Dr Andrew V. - < 




Dr Wong Ming Wall 




A/PLaiChoyHeng 




Dr Chin Wee Shong 




A 'J Frank Wait 


| Comptl. Sc. 


Asst/Prof Wei Guowei 




Dr Sheii :ZeXiang 



PBFPnsriion FY >99&2ttW 



■ T pli ^' 1 ^ mat Deai ha* ip c '1/1 pii on Mte ' rejects n labl* ' 

arc shown it* TaMs- 8 

I h I n ih P j if- i tn v. alia sl ( )j n SI August 1938 at 4 : p.u«. in -the'' 
he-dCs Office Conference Room, Level 9. Pioa.sc call Ms Gaik Hong ar est. 3333 to inform her v/hether' 
voi' :r.. ?: V ^ - . •,: : dthe meeting. -'■ ■— — — - - 





A/j|&:Eng(iye 
.V.;!- LViiii 
Faculty of Science 

c iea Department 1 i v. J S< set — \ 

iit * . sparimeu ' < 1 s jl.i 
Ht 'Mutiii." oi 'inputati rw : > 
i-bad, .\p?rra^ n ; <> * latprials Science 
hitd'i Dp . ite: fPliyskt 



.I'.iU- V: ii|»ii>vt.'(l 





Project Title- . 


Pi neipai Investigate 


DBS 


Generation of novel vanetfc m oi<a al ^ ^ 
transgenic expression of green fluorescent protein 


Dr . _„ Iioiwri | 


DBS 

{Bioscience} 




A'P Lim Tit Nfeng 


; Chemisto 


In-situ studies on the imer^non of metaeatoms with 
aromatic molecules $ 


Dr ah GuoQin 


Chemistry 


Chemical behavior and technological applications or 


" A/P ,:dyHoT ; 
ISFWong Mi"g 'Vfsh i 


.': Chemistry 


Molecular modeling of cbemicai synthesis of 
Uiinpsiructui'od fllins 




W&vektf approach tt* iin^ftr and uonHnsar dynsniicfti 
problems P 


Asst/Pro: v. .... wei | 


pnaT Sc, 


- v ; ' iagin tic !v;?.reria!s 


Dr Ding J mi '■■ 






A/P Xu Gu "'i 






Dr Andrew Wee f 

! f 

1 \ | 


'•| ; T*hysics. 


• Svndironizatit'i Mid ,ha:-uc dynamical 
• 8pfticaiwu<i in secure c .nrrwnications 


| A/P Lai Choy Beog 


p te 


j Proton micromachining: inanuiacmre oi mrcrodevioes 


1 A/P Frank Watt 1 

J_ _ - —J 

j Dr Sheii Ze Xiarss | 


fWivstes 


S Development of an ultra-high spatial resolution 
; scanning' TUanan microscope and its applications in 



EXHIBIT 12 



REMAI 


4 


I 




+ 


6 
+■ 










+ 




D 4 




M - 






Tissue Specificity of Expression 
Skin Muscle Eye Blood Nerve Notocord 


0 


cs 

fi 




\ 

l 

\ 

\ 


H 

1 

i 


I 


< 

A, 

1 

1 
J 

i 


i 

3 

3 


> 


0 

i 




ft 

$ 

<s 

y. 




rs 

j 

\ 




+ i 

U -J 


48 hrs 
S E 




No 


"VS 

P 1 - 










si 
C 








tv 










24 hrs 
S E 


P 


\B 


0 


0 






N 














2 






12 hrs 
S E 


0 

4^ 


£ 


0 


•y- 


Q 
cC 






sa 












0 






50% 
epiboiy 

S E 


0 


D 
*M 


0 


0 

\ 


0 




V 






0 
44 




o 

2 




o 

Q 

Ml 






No 
injected 


ft 




Sis 


Q 






■si 


<^ 
^> 




0 
N) 




°* 

1 




MS 






Construct 


V 

a 


-Si 




■J 


4 

a 




-« s 

-I- 
> 


2 








r 










Date of 
injection 






1 










<j- 

1 








A 











REMARJ 


1 

1 


! 




j 




I * 
^ i 

* ! 






I' 


•1 
\ 

3 


If 


1 

1 


[; 


•5 






Tissue Specificity of Expression 
Skin Muscle Eye Blood Nerve Notocord 


r{ 
\ 

\ 




\ 

\ 
\ 

rs 






\ 

\ 

I 
i 


s 

\ 

c\ 

, -L 
v - 




I 
> 

1 


V 

- 


i 
j 

i 


rxj 

si 

< 


\ 

r \ 
\ 

V* 


-\ 

if 

i 

1 
t 


^ ! 

H 
A' 


S . 

: 1 

*? 

4 


48 hrs 
S E 


t: 


1; 


fS 

\ ; 


t 


I 


N 


A- 
S 










0 
Oi 


cr 


. 


1 




24 hrs 
S E 












Mi 


v. 

*A 




rr 


0 
T 




00 


5 

o 


"Nl 


<a 




12 hrs 
S E 












Mi 


X 

\ 




















50% 
epiboly 

S E 






p 


o 




0 

1 










H 




rt 




O 




No 
injected 


P 


O 

so 


0 

If 


«= 




0 




ft: 


<*> 
















Construct 




■fi 


s 

-? 


1 

•i 
M 








> 


1 


5 


i 


> 


i 


1 


t 
VI 


1 


Date of 
injection 












< 

C 























REMARl 


































Tissue Specificity of Expression 
Skin Muscle Eye Blood. Nerve Notocord 




0) 
<*0 






















> 


> 


1 

" 

<* 

\ 


■* 
J, 

r 


48hrs 
S E 




Mi 






























W 

■ £ 


































12hrs 
S E 


































50% 
epiboly 

S E 


Q 
* 




o 

N 




0 

0 
"i 




















No 
injected 




i 


Si 

s 




























Construct ; 




M 






1 
i 
























Date of 
injection 




N. 


"1 































EXHIBIT 13 



01.01.99 



RESEARCH PROPOSAL SUBMISSION CHECKLIST 

Please complete this checklist for every research 
proposal to be submitted to the Faculty Research 
Committee, Faculty of Science. 

Ensure that you have included all the necessary 
information in your application and have arranged the 
documents in the sequence stated below. 

Incomplete applications will not be processed. 

(Please tick) 

1. [J\ Information on existing projects (no. of projects, titles of 

I projects, start and end dates, balance of funds). 

2. [J] Application Form - BUR/RG1. 

3. [ v] Appendix to BUR/RG1 - Case for Support. 

4. [ Track record of PI - 

e.g. RPXXXXXX Title of Project 
Funding: 

Research Output: 

(a) Publications (to be listed in standard reference 
format); 

(b) Student Theses; 

(c) Manpower trained; and 
'■(d) Patents (give some details). 

Brief CV.of PI and collaborators with a list of 10 relevant 
publications. 

[ ] List of potential referees (for projects with total value above 
$ 1 80,000 or total equipment value above $ 1 00,000) . 
Brief CV of Research Fellow(s) to be employed. 
Quotations for equipment requested. 



i4 



id. 



Submitted by; 

Name/Department of PI Signature of PI Date" 



Information on existing projects -- Dr. Gong Zhiyuan 



1 . RP960315, Generation of novel varieties of ornamental fish by transgenic 
expression of green fluorescent protein (GFP). 

Start date: 07/96 
End date: 07/99 
Funding: $114,500 
Balance by 12/98: $ 51,463.58 



2. RP3972393, 1998-2001: Molecular dissection of neurogenic pathway in 
zebrafish. 

Start date: 02/98 
End date: 02/2001 
Funding: $249,457 
Balance by 12/98: $ 204,635.45 



Multi-Disciplinary Research : / No + (Delete where appropriate) 



NATIONAL UNIVERSITY OF SINGAPORE 

ACADEMIC RESEARCH FUND 
APPLICATION FOR A RESEARCH GRANT 



TO: THE FACULTY RESEARCH COMMITTEE (PROJECT VALUE < $250,000) 



1 PRINCIPAL INVESTIGATOR 




Name: Dr. Gong Zhiyuan 




Employee number U259H 




Appointment: Senior Lecturer 
Department: Biological Sciences 
Tel: 874-2860 


Attach 1-page C.V. of Principal 
Investigator, giving an outline of 
education and work experience, track 
records in managing research projects 
and list (not more than ten) selected 
relevant and top publications. 


Fax: 779-4801 




Previous grants from Academic Research Fund: 
RP950304 ($209,435, 07/95-03/98) 
RP950328 ($70,300, 07/95-07/97) 
RP960315 ($$1 14,500, 09/96-09/99) 
RP3972393 ($249,457, 02/98-02/2001) 


To state the date/amount of previous 
grants. 

If the grant includes equipment, 
indicate the equipment purchased and 
the current / proposed usage of the 
equipment after project ended/ends. 


2 * COLLABORATOR(S)/OTHER KEY TEAM MEMBERS 




Name: Professor Lam Toong Jin 




Employee number: 00706G 
Appointment: Professor and Head 
Department: Biological Sciences 
Tel: 874-2692 
Fax: 779-2486 


To provide details for each 
collaborator/key team member: 
Attach 1-page C.V. of each member, 
giving an outline of education and 
work experience, track records in 
managing research projects and the 

conference papers. 


Previous grants from Academic Research Fund: 


To state the date/amount of previous 



* Please use a separate shee! if there is insufficient space and attach it to this form. 

+ Defined as any research that reqtiires input from staff in a different department or staff belonging to other disciplines from other 
institutions outside the University. 
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Production of fluorescent transgenic ornamental fish 


concise. 


4 ABSTRACT 

Ornamental fish is an important export industry in Singapore. In the 
present grant application, we propose to continue our previous work on 
generation of fluorescent zebrafish by transgenic expression of green 
fluorescent protein (GFP). In the past two and half years, we have transferred 
the jellyfish GFP gene into the zebrafish under several different homologous 
zebrafish gene promoters and these transgenic fish displayed skin 
fluorescence, muscle fluorescence or ubiquitous fluorescence. In the present 
proposal, we will maintain and develop stable transgenic lines for these 
fluorescent zebrafish. We will also make use of the gene constructs 
developed from the zebrafish to produce other fluorescent transgenic 
ornamental fish of high market value, including medaka, goldfish, koi carp 
and glass catfish. In the meantime, we will also develop multi-color 
fluorescent transgenic fish by introducing several artificial GFP variant 
genes including BFP (blue fluorescent protein), YFP (yellow fluorescent 
protein) and CFP (cyan fluorescent protein) genes. By using different tissue- 
specific promoters, combinations of multiple colors in different tissues will 
be produced, e.g. green skin, blue muscle and yellow eyes, or other 
combinations. A biosensor system will be explored by using a heavy metal- 
inducible gene promoter to monitor aquatic environmental pollution. 


In about 200 words, describe 
the project in the context of 
previous work done or in 
progress at the University or at 
other institutions, and explain 
the uniqueness of this 
approach. 


5 LIST MAIN OBJECTIVES IN ORDER OF PRIORITY 

1. Development and maintanence of stable transgenic lines of green 
fluorescent transgenic zebrafish with different tissue specificities; 

2. Development of multi-color fluorescent transgenic fish 

3. Generation of stress-inducible GFP transgenic fish for a biosensor system; 

4. Production of fluorescent transgenic medaka; 

5. Production of fluorescent transgenic goldfish; 

6. Production of fluorescent transgenic glass catfish; 

7. Production of fluorescent transgenic koi carp. 

After completion of the project, there should be a few papers for 
publication in high profile international journals. Patents for each transgenic 
fish will be sought and fluorescent transgenic fish will be commercialized. 


Describe the objectives clearly 
and succinctly, and highlight 
the deliverables upon project 
completion. 

Attach a self-contained case 
for support, consisting of no 
more than 6 A4 pages. Some 
assistance in preparing of this 
is given in Annex A. 


6 POTENTIAL APPLICATIONS/EXPLOITATION 

The project concentrates on development of fluorescent ornamental 
fish, which will be marketable as a new category of exotic fish. The 
transgenic technique developed and fish gene resources explored in this 
study will also be applicable to other desirable traits with important 
economic implication, such as increase of growth rate, disease resistance and 
sex reversal etc. 


State the likely applications of 
the work (technological, 
social, scientific, economic). 
Also explain any exploitation 
potential, and the follow-up 
arrangements that would be 
required. 
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collaborative arrangements, 


Not Available. 


including arrangements for 


exploitation and protection of 




intellectual property. 



8 SUMMARY OF RESEARCH GRANT REQUESTED 

Grant requested must cover the entire project life. Applicants should note that research grant, 
once approved, will not be increased. 





Yearl 


Year 2 


Year 3* 


Total ($) 


Manpower 


2,000 


23,500 


47,050 


72,550 


New equipment/facilities 


5,250 


0 


0 


5,250 


Materials/consumables 


27,600 


24,600 


24,600 


76,800 


Overseas Travel 


0 


0 


0 


0 


Training/other misc. costs 


1,200 


1,200 


1,200 


3,600 


Grand Total ($) 


36,050 


49,300 


72,850 


158,200 



* Please use a separate sheet if project life is expected to exceed 3 years. The Total column should reflect the total grant 
required for the entire project life. 



Please see Notes for Budget Preparation in Annex B for assistance in completing items 8.1 to 8.4. 

8.1 MANPOWER COSTS (for additional staff only) 

Please indicate an "E" against the number if it is a continuation of an existing appointment. 

NS increments* - Please tick against staff grade if increments are to be given for National Service (NS). If the 

manpower required is a Research Fellow, please provide information on his/her qualifications and experience. 



Manpower 


Staff 
Grade 


With 
NS* 


Number 


Annual Cost ($) 


No. of 
Months 

Project 


Total Cost 


Full ■ 
Time 


Part 
Time 


Yearl 


Year 2 


Year 3 


($) 


Research Assistant 












21,500 


45,050 


18 


66,550 


Technician/Jr 
Research Assistant 




















Student Assistant 




















Research Scholar 




















Research Student 








1 


2,000 


2,000 


2,000 


12 


6,000 



8.2 NEW EQUIPMENT/FACILITIES COSTS 



Item Description 


Unit Price 
($) 


Quantity . 


Yearl 
($) 


Year 2 
($) 


Year 3* 
($) 


Total Cost 
($) 


-20°C freezer 


5,250 


1 


5,250 






5,250 








































































Grand Total ($) 






5,250 






5,250 



Please append a list of existing equipment that will be used in the project. Equipment 
descriptions, costs and locations must be provided. 



Item Description 


Unit Price 
($) 


Quantity 


Year 1 
($) 


Year 2 
($) 


Year 3* 
{$) 


Total Cost 
($) 


molecular reagents 


100 


150 


5,000 


5,000 


5,000 


15,000 


chemicals, glassware 


100 


150 


5,000 


5,000 


5,000 


15,000 


radioisotopes 


200 


30 


2,000 


2,000 


2,000 


6,000 


oligonucleotides 


80 


60 


1,600 


1,600 


1,600 


4,800 


films and pictures 






1,000 


1,000 


1,000 


3,000 


sequencing kit/software 


1000 


15 


5,000 


5,000 


5,000 


1,500 


Fish, feed and tanks 














Grand Total ($) 






27,600 


24,600 


24,600 


76,800 



8.4 OVERSEAS TRAVEL 



Item Description 


Purpose 


Yearl 
($) 


Year 2 
(S) 


Year 3* 
($) 


Total Cost . 
($) " 


Country 


No. of days 






















































































Grand Total {$) 













8.5 TRAINING/OTHER MISCELLANEOUS COSTS 



Item Description 


Purpose 


Yearl 

(S) 


Year 2 
($) 


Year 3* 
($) 


Total Cost 
($) 


Taxi fare 


Live fish transportation 


200 


200 


200 


600 


Miscellaneous 


IDD, Fax, courier, patent 
search etc. 


1,000 


1,000 


1,000 


3,000 






























































Grand Total ($) 




1,200 


1,200 


1,200 


3,600 



* Please use a separate sheet if project life is expected to exceed 3 years. The Total column should reflect the total 
required for the entire project life. 



9 OTHER SOURCES OF FUNDING 


Name and address of other funding parties: 




Contact name: 




Contact number: 




Type of organisation: 

(eg industry, commerce, research institutes, 
government, etc) 




Details of contribution: Cash: 




Equipment/materials: 




Staff secondment: 




Facilities: 




Others: 




Total value of funding ($): 





10 PROJECT IMPLEMENTATION SCHEDULE 



Quarters/Research 


Yearl 


Year 2 


Year 3 


milestones 


01 


02 


03 




Qi 


Q2 


Q3 


04 


qi 


02 


Q3 


04 


Objective 1 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Objective 2 










X 


X 


X 


X 


X 


X 


X 


X 


Objective 3 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Objective 4 




X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Objective 5 








X 


X 


X 


X 


X 


X 


X 


X 


X 


Objective 6 












X 


X 


X 


X 


X 


X 


X 


Objective 7 
















X 


X 


X 


X 


X 



Estimated start date: 08/99 


The start date is defined as the first date on which the project 
commits or incurs expenditure. 

Researchers are reminded that a project, once approved, 
must start within 60 days of approval. 


Estimated completion date: 08/2002 
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11 DECLARATION 



We declare that the facts stated in this application and the accompanying information are true. 





Signatures and dates 




Principal Investigator 


Collaborating party 
(if any) 


Applicants) : 
Dr. GongZhiyuan 






Professor Lam Toong Jin 






Endorsed by: 




(1) Head of Department 




(2) Chairman, Fac ul ty Researc h Commi ttee or 
Enterprise 




(3) Director of Research 




(4) Chairman, University Research Committee 




OR Chairman, Academic Research Fund Committee 





li hmu s CU:VUV1C1N 16 : 



Please indicate your grading of the project: 

A. □ B. □ C. □ 



13 FACULTY RESEARCH COMMITTEE'S COMMENTS : 

.Please note that specific comments are required as indicated in Guidelines for Vetting Research 



Please indicate your grading of the project: 

B.n ■ 

If total project value is le ss than $250,000, please indicate if FRC approves/rejects the proposal: 
Approve Reject j | 



Signature 



14 DIRECTOR OF RESEARCH'S COMMENTS : 



Please indicate your grading of the project: 

b.o c.q 



Signature 



Date 
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ANNEX A 



I. PURPOSE 

Singapore is the world largest exporter of ornamental fish with a revenue of 
about $100 million dollars per annum. To maintain the leadership in this competitive 
industry, it is necessary and crucial to continuously produce new varieties with novel 
shapes and color patterns. Traditional approaches to create new varieties are genetic 
breeding and selection, but these approaches are rather slow and unpredictable. The 
use of color dyes in many pet stores is either temporary or unsatisfactory. In the past 
two and half years, we have successfully generated fluorescent zebrafish by transgenic 
expression of a jellyfish green fluorescent protein (GFP) under different fish tissue- 
specific gene promoters and this approach provides a promissing way to generate new 
varieties of ornamental fish with distinct and predictable color patterns. In the present 
proposal, we will try to apply the same techniques to other more exotic ornamental 
fish species such as Japanese medaka, goldfish, koi carp and glass catfish. Meanwhile, 
multi-color fluorescent transgenic fish will be developed. The possibility of using a 
stress response promoter, such as a heavy metal-inducible promoter, to develop a 
biosensor system to monitor aquatic environmental pollution will also be explored. 
The transgenic technique developed and fish gene resources explored in this study will 
also be applicable to other desirable traits with important economic implication, such 
as increase of growth rate, disease resistance and sex reversal etc. 

II. BACKGROUND 

(i) Previous work 

Transgenic technique involves transfer of a foreign gene into a host organism 
enabling the host to acquire a new and inheritable trait. The technique was first 
developed in mice at the beginning of 1980s by Gordon et al. (1980). They injected 
foreign DNA into fertilized eggs and found that some of the mice developed from the 
injected eggs retained the foreign DNA. Applying the same technique, Palmiter et al. 
(1982) have introduced a chimeric gene containing a rat growth hormone gene under a 
mouse heavy metal inducible gene promoter and generated the first batch of genetically 
engineered supermice, which are almost twice as large as non-transgenic siblings. This 
work has opened a promising avenues in using the transgenic approach to render 
transgenic animals new and beneficial traits for livestock husbandry and aquaculture. 

In addition to stimulation of somatic growth for increasing the gross 
production of animal husbandry and aquaculture, the transgenic technique also has 
many other potential applications. First, transgenic animals can be used as a bioreactor 
to produce commercially useful compounds by expression of a foreign gene in milk or 
in blood. Many pharmaceutically useful protein factors have been expressed in this 
way. For example, the human a 1 -antitrypsin, which is commonly used to treat 
emphysema, has been expressed at a concentration as high as 35 mg/ml (10% of milk 
protein) in the milk of transgenic sheep (Wright et al., 1991). Similarly, the transgenic 
technique can also be used to improve the nutritional value of milk by selectively 
increasing certain valuable protein components such as caseins or by supplementing 
certain new and useful proteins such as lysozyme for antimicrobial activity (Maga and 
Murray, 1995). Second, transgenic mice have been widely used in medical research, 
particularly in generation of transgenic animal models for human disease studies (Lathe 
and Mullins, 1993). More recently, it has been proposed to use transgenic pigs as 
organ donor for xenotranplantation by expressing human regulators of complement 



activation to prevent hyperacute rejection during organ transplantation (Cozzi and 
White, 1995). The development of disease resistant animals has also been tested in 
transgenic mice (e.g. Chen et al., 1988). Furthermore, the transgenic technique has also 
been widely used in plants to improve crop quality with enhanced disease resistance 
and preservation. 

Fish are an intensive research subject for transgenic studies. The first 
transgenic fish report was published by Zhu et al. (1985) using a chimeric gene 
construct consisting of a mouse metallothionin gene promoter and a human growth 
hormone gene. Most of the early transgenic fish studies have concentrated on growth 
hormone gene transfer with an aim to generate fast growing "superfish". Because of 
the lack of cloned fish growth hormone gene and fish gene promoters, majority of 
early attempts used heterologous growth hormone genes and promoters and failed to 
produce gigantic superfish. However, by using "all-fish" gene constructs, i.e. fish gene 
promoters and fish growth hormone genes, enhanced growth of transgenic fish have 
been demonstrated in several fish species including Atlantic salmon (Du et al., 1992), 
several species of Pacific salmons (Delvin et al., 1994; 1995), and loach (Tsai et al., 
1995). 

Despite the success of growth hormone transgenic fish, there are still several 
hurdles from regulatory agencies and from psychologyical fears of cosurnmers because 
of some concerns of unsafety for food consumption and concerns of destroying the 
delicate ecosystem. To avoid these potential problems in future commercialization of 
transgenic products, we initiated a transgenic project in 1996 to introduce a 
fluorescent gene into fish for production of novel varieties of ornamental fish. Since 
this kind of transgenic fish is not food fish and is tightly controlled in aquaria, they 
should be readily acceptable to regulatory agencies and consumers. The basic 
approach we used is to insert a gene encoding GFP into the genome of the zebrafish, 
Danio rerio, under a tissue-specific promoter or a ubiquitous promoter. The selected 
promoter will direct the color protein to be expressed in certain tissues or 
ubiquitously. The GFP transgenic fish emit green light under a blue or ultra violet 
light. GFP has no obviously adverse effect to cellular activity and thus these fish can 
be used for ornamental purpose. So far, we have developed four GFP transgenic 
constructs: 1. pCK-EGFP, contains a skin-dominant cytokeratin gene promoter; 2) 
pMCK-EGFP, a muscle specific promoter from a muscle creatine kinase gene; 3) 
pMLC2f-EGFP, another muscle specific promoter from the myosin light chain 2 (fast 
muscle isoform) gene; and 4) pARP-EGFP, a ubiquitously expressed promoter from 
an acidic ribosomal protein PO gene. When these chimeric gene constructs were 
introduced into fish, all of them showed predictable expression patterns according to 
the specificities of the promoters used. At present, a patent for the first three 
transgenic DNA constructs are being filed. This work has also attracted intensive 
attentions from media and our fluorescent fish has been reported in a Japanese 
newspaper, Nikkai; and local newspapers, The Straight Times and Lion He Wan Bao. 
It has been also reported in both Singapore television (channels 5 and 8) and radios. 

In order to develop more varieties of transgenic ornamental fish, we have also 
partially sequenced in the past few years over 2,000 zebrafish cDNA clones and 
identified over 400 distinct fish cDNA clones which encode proteins for all cellular 
compartments and are expressed in all major tissues and organs (Gong et al., 1997; 
Gong, 1998). We have also developped a linker-mediated PCR method for rapid 
isolation of gene promoters based on partial cDNA sequence. Therefore, we are now 
well positioned for obtaining any types of gene promoters to target the transgene 



expression in any tissue. In the present proposal, we will first use the transgenic 
constructs developped from the zebrafish model to other ornamental fish species 
including medaka, goldfish, koi carp and glass catfish. As all these species are closely 
related to the zebrafish, it is highly possible that all of the zebrafish gene promoters 
can be faithfully functional in these species. This notion is supported by the previous 
works using mammalian gene promoters in transgenic fish. For example, Westerfield et 
al. (1992) have demonstrated that two mouse hox gene promoters are correctly 
expressed in transgenic zebrafish; recently, Moss et al. (1996) have also demonstrated 
that a rat myosin light-chain enhancer can drive a reporter gene to be specifically 
expressed in skeletal muscles. In addition, the transgenic research has been reported 
for all of these species or closely related species, e.g. medaka (Ozato et al., 1986; 
Chong and Vielking, 1989; Gong et al., 1991), goldfish (Zhu et al., 1985; Wang et al., 
1995), catfish (Hayat et al., 1991) and carp (Zhang et al., 1990). 

(ii) Research experience 

The principle investigator, Dr. Gong Zhiyuan, has been actively involved in 
transgenic research for the past 10 years and has hand-on experience on all techniques 
required in the proposed research. He has been involved in the generation of growth 
hormone transgenic salmon which grow over 10 times faster than wild type salmon 
(Du et al., 1992) and generation of cold-resistent transgenic goldfish with a fish 
antifreeze protein gene. In addition, He also has experience for generation of transgenic 
medaka for promoter analysis (Gong et al., 1991). Recently, his group in NUS has 
successfully generated green fluorescent transgenic zebrafish and this work is now 
being filed for a patent. He currently has a competent research team and his team is 
actively engaged in fish molecular biology research, particularly on fish gene cloning, 
developmental biology and transgenic fish. The co-investigator, Professor Lam 
Toong Jin, has 33 years of research experience in biological research on fish and is a 
prominent scientist in this field. He will be involved in marketing the fluorescent 
transgenic fish at late stage of the project. Dr. Ju Bensheng has been working on the 
transgenic fish project since the end of 1997. He is an expert of microinjection and fish 
breeding. He will take an NSTB postdoctoral fellowship in the next few months and 
continue to work on the project. He single-handedly set up the microinjection facility 
in the Pi's lab and developed a variety of fluorescent transgenic zebrafish. He is 
pivotal to this proposed project. 

m. PROGRAMME 

1. Maintenance of fluorescent transgenic zebrafish 

Currently, we are screening the Fl generation of GFP transgenic zebrafish and 
this work is expected to be completed by March 1999. For stable lines of transgenic 
fish, we need to continue to observe for several generations. Thus, we seek the 
support from the proposed grant to maintain the GFP transgenic zebrafish. Currently, 
we are developing three lines of GFP transgenic zebrafish: skin-specific, muscle- 
specific and ubiquitous. The skin-specific transgenic zebrafish express green 
fluorescence only from skin, the muscel-specific transgenic fish display green 
fluorescence from muscles, and ubiquious transgenic zebrafish express green 
fluoreescence from all cells. 

2. Development of multi-color fluorescent transgenic zebrafish 

As more fluorescent protein genes are available, it is possible to produce other 
color fluorescent transgenic fish. At present, in addition to GFP gene, BFP (blue 



fluorescent protein), CFP (cyan fluorescent protein) and YFP (yellow fluorescent 
protein) genes are also available from Clontech. These new fluorescent protein genes 
present us the opportunity to generate multiple color fluorescent transgenic fish. With 
the wide range of tissue specific promoters, we will be able to generate colorful 
chimerical transgenic fish, for example, green skin/blue muscle/yellow eyes and many 
other combinations. The promoters we used successfully to drive transgenic GFP 
expression will be used to link these new fluorescent genes, including the skin-specific 
promoter from a cytokeratin gene, two muscle-specific promotors from a creatine 
kinase gene and a myosin light chain 2 gene, and a ubiquitous promoter from the acidic 
ribosomal protein PO gene. We will develop single color transgenic fish first and then 
generate multi-color transgenic fish by breeding. For example, if a green muscle 
transgenic line crosses with a blue skin transgenic line, offsprings with green muscle 
and blue skin will be obtained. 

3. Generation of stress-inducible GFP transgenic fish for a biosensor system 

Using a stress-inducible gene promoter, a transgenic fish, where expression of 
transgene occurs only under certain conditions such as elevated temperature (heat 
shock) or exposure to a high level of heavy metals, will be produced. A suitable 
promoter is from the zebrafish heat shock protein 25 (hsp25) gene. This gene has been 
thoroughly characterized recently by an Honors student in the Pi's lab (Kee, 1998), 
and its expression increased dramatically and rapidly upon heat-shock and also 
increased significantly after a long term of heavy metal (e.g. cadmium, mercury and 
zinc) exposure. A short promoter (about 300 bp) has been isolated for transgenic 
studies. In future, a longer promoter will be isolated to ensure the full response by 
heat-shock and heavy metals. The promoter will be linked to the GFP gene and 
introduced into zebrafish. The transgenic fish generated by a heavy metal inducible 
promoter will be useful to develop a biosensor system to monitor aquatic enviromental 
pollution such as by heavy metals. The expression of GFP will signal the presence of 
■ significant amount of polluants. A such biosensor system has obvious advantages over 
classical analytical methods because the former is rapid, visualizable, and capable of 
identifying specific compounds directly in complex mixture found in aquatic 
environment (Peter et al., 1996). Moreover, the biosensor system also provides 
information on biotoxicity and it is biodegradable and regenerative. 

Similarly, a biosensor system to monitor hormone contamination such as by 
estrogen and its derivatives may be similarly developed by using an hormone inducible 
promoter such as from the liver-specific and estrogen inducible vitellogenin gene 
promoter. Currently, we have isolated five distinct zebrafish vetellogenin cDNA clones 
and these clones will be used for isolation of their promoters. 

4. Production of fluorescent ransgenic medaka 

Medaka is chosen because it is another popular fish model for genetic and 
transgenic studies. The transgenic techniques in this species has been well established. 
For example, DNA can be injected into the pronuclei of oocytes before feretilization 
(Ozato et al. 1986) and can also be directly injected into cytoplasm after fertilization 
(Chong and Vialkind, 1989). Previously, we also generated transiently expressed 
transgenic medaka by injection of DNA into fertilized eggs (Gong et al., 1991). We 
will inject all four existing zebrafish gene constructs: pCK-EGFP, pMCK-EGFP, 
pARP-EGFP and pMLC2f-EGFP. Transgenic expression will be monitored 
continuesly and stable transgenic lines will be developed a la zebrafish. Another 



advantage to use raedaka over zebrafish is its tissue clarity and thus it is possible to 
examine GFP expression in internal organs. 

5. Production of fluorescent transgenic goldfish 

Goldfish is a popular ornamental fish and there are hundreds of varieties. The 
transgenic technique has already been developed by Zhu et al. (1996) and by Wang et 
al. (1995) {Dr. Gong is also a co-author of the latter work). We will inject all four 
existing zebrafish gene constructs: pCK-EGFP, pMCK-EGFP, pARP-EGFP and 
pMLC2f-EGFP. Transgenic expression will be monitored continuesly and stable 
transgenic lines will be developed a la zebrafish. Different varieties of fluorescent 
goldfish can be obtained by classical breeding between fluorescent transgenic goldfish 
and different goldfish varieties. 

6. Production of fluorescent transgenic koi carp 

' Koi carp is a large size ornamental fish with high commercial value. For 
example, a large koi of about one foot long has a value of over SI, 000 in the market. 
Thus, fluorescent transgenic koi will have obvious commercial value. For this species, 
we will use the constructs we already generated from the last project, skin-specific, 
muscle specific and ubiquitously expressed. We will inject all four existing zebrafish 
gene constructs: pCK-EGFP, pMCK-EGFP, pARP-EGFP and pMLC2f-EGFP. 
Transgenic expression will be monitored continuesly and stable transgenic lines will be 
developed a la zebrafish. 

7. Production of fluorescent transgenic glass catfish 

The galss catfish was chosen because of its crystal clarity of the whole body 
and thus it is feasible to detect any tissue specific expression of GFP. Some organ- 
specific promoters, such as liver-specific, intestine-specific, bone- specific, brain- 
specifc and heart specific promoters, can be used for this species. Therefore, we will 
isolated these organ-specific promoters for construction of GFP chimeric genes and 
thus more varieties of fluorescent ornamental fish can be produced from this species. 
At the begining, We will inject all four existing zebrafish gene constructs: pCK-EGFP, 
pMCK-EGFP, pARP-EGFP and pMLC2f-EGFP. Transgenic expression will be 
monitored continuesly and stable transgenic lines will be developed a la zebrafish. 

IV. RESOURCE 

(i) Manpower Cost 

This project is a continuation of the previous transgenic ornamental fish 
project (RP960315), which has a manpower support for a Lab Technologist, Dr. Ju 
Bensheng. Dr. Ju will be offered an NSTB postdoctoral fellow for two years starting 
in the next few months and will continue to work on the proposed project. Therefore, 
we propose a Research Assistant (Hons) only for 36 months starting from the second 
half year of the project (around February 2001). The research assistant will continue 
Dr. Ju's work and an overlap of six months with Dr. Ju will be important to ensure a 
smooth transition of the project. Currently the PI has a research assistant, Ms. He 
Jiangyan, under the neurogenic, pathway grant (RP3972393) and her appointment will 
be ended by February 2001 when the grant is terminated. In addition, one part-time 
undergraduate student assistant will be recruited each year for the proposed project 
and they will work four month each year at a salary scale of $500 per month. 



(ii) New Equipment/Facilities costs 

Majority of the laboratory equipment has been provided by my previous 
grants and will be used by the new project. In the present grant, we only request a 
-20°C freezer. Currently we have only one such freezer which is being shared by 10 
long-term researchers (excluding Honors students and occasional project students), 
and in the past few years, tremendous amount of biological samples has been 
generated by our highly active research activity and need to be stored at -20°C. We 
anticipate more samples will be generated when the new project is to start. Thus a 
new freezer is required to accommodate the biological samples. 

(iii) Materials and Consumables: 

The items of consumables are listed in section 8.3. 

(iv) Miscellaneous costs 

These include taxi fare for transportation of live fish ($600) and miscellaneous 
costs including IDD calls, FAX, courier service, photocopy, stationary, patent search 
etc. ($3,000). 
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